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deeply missed by both of us and by so many
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Like its predecessor, The Coccidia of Snakes of
the World (Duszynski and Upton, 2009), this
book is intended to be the most comprehensive
treatise, to date, describing the structural and
biological knowledge of all species in the most
pervasive group of protist (formerly protozoa)
parasites that infect rabbits, a group called the
Coccidia. These protists (PhylumApicomplexa)
are common in rabbits and are represented by
about 87 species that fit taxonomically into six
genera in three families that include Cryptoso-
poridiidae Léger, 1911 (Cryptosporidium), Eimer-
iidae Minchin, 1903 (Eimeria, Isospora), and
Sarcocystidae Poche, 1913 (Besnoitia, Sarcocystis,
Toxoplasma). An overview of the general biology,

taxonomy, life cycles, and numbers of species
of eimeriid and cryptosporid coccidia from
wild mammals was published a decade ago
(Duszynski and Upton, 2001), and monographic
works on the coccidia of certain selected verte-
brate groups also are available; these include
Amphibia (Duszynski et al., 2007); Chiroptera
(Duszynski, 2002); Insectivora (Duszynski and
Upton, 2000); Marmotine squirrels in the Roden-
tia (Wilber et al., 1998); Primates and Scandentia
(Duszynski et al., 1999); and the Serpentes of the
Reptilia (Duszynski and Upton, 2009). No such
review exists for the coccidia of rabbits. Here
we strive to resolve that void for rabbits (Lago-
morpha), because “bunnies” have a long and

The Biology and Identification of the Coccidia

(Apicomplexa) of Rabbits of the World
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important history shared with humans, perhaps
more so than any other domesticated animals.

RABBITS ARE FOOD, PETS, LAB
ANIMALS, AND PESTS

Rabbits are unique animals that are revered as
an important source of protein, both commer-
cially and as objects for hunting; treated as
trusted and loved pets; docile and easily adap-
ted to laboratory conditions as important exper-
imental animals in biological research; and
horrific pests at times, all qualities deeply
imbedded within the human culture. The wild,
Old World European rabbit (Oryctolagus cunicu-
lus) has been transported and introduced glob-
ally, often with serious consequences on local
biodiversity (vegetation and wildlife), especially
when local, natural predators are missing. In the
most classic example, 24 O. cuniculuswere intro-
duced into Victoria, Australia, in 1859. Because
of the lack of any natural predators, the presence
of a farming habitat that was nearly ideal for
their reproducing, and a climate that allowed
year-round breeding, their population expanded
exponentially. By the turn of the century, the
Australian government built an immense
“rabbit-proof fence” in a futile attempt to halt
the westward expansion of the ever-increasing
rabbit population, but because the rabbits could
both jump high and burrow, the fence was
useless, and while their population continued
to expand, they pushed some native herbivores
to near-extinction. During the 1950s, introduc-
tion of the myxoma virus (a prototype of Lepori-
poxvirus), which causes the disease myxomatosis
in rabbits, provided some relief in Australia, but
not in New Zealand, where the insect vectors
necessary for spread of the disease were not
present. Today, wild rabbits in Australia are
largely immune to myxomatosis.

Besides their very important and necessary
use as laboratory animals, rabbits are raised for
a variety of commercial purposes that include

wool, meat, and fur (Bhat et al., 1996). They are
efficient converters of vegetable protein into
high-quality animal protein. In India, rabbit
farming for wool and meat has developed into
an important industry, and it has brought hand-
some returns to rabbit breeders, but those
returns are affected by outbreaks of coccidiosis
and major losses in the rabbit industry caused
by multiple Eimeria species (Leysen et al., 1989;
Bhat et al., 1996). Thus, coccidia present an
emerging disease problem of increasing impor-
tance in commercial rabbitries (Licois et al.,
1990).

RABBITS AND THE HISTORY OF
DISCOVERY OF THE COCCIDIA

Norman D. Levine (1973a, 1974) was the first
to attempt a scholarly study of the historical
aspects of research on the coccidia. At first, he
believed this task would be easy because early
research on coccidia was done by some of the
most prominent biologists of their times, but
when he searched the literature, he found that
very little had been written about even the
most important and well-known scholars. Two
examples will serve to illustrate his frustration.
First, he (1974) found nothing about the life of
Alphonse Labbé, “who did a great deal of taxo-
nomic work on the coccidia and who assembled
all the known information about them around
the turn of the century.” Second, all he (Levine,
1974) found about Aimé Schneider, “who estab-
lished the genus Eimeria, was a death notice in
Nature in which his last name was misspelled.”
What he did find is that “the history of the
coccidia is badly tangled,” but his (always) posi-
tive nature let him conclude “that biographical
research is a legitimate type of research for scien-
tistsdit puts flesh on the bones of knowledge.”
Here we try to briefly untangle some of the
history.

Coccidia were among the first single-celled
animals seen by Antonie van Leeuwenhoek in
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1674, when he saw “bodies” in the bile of a
domestic rabbit (see Wenyon, 1926; Levine,
1973a, 1974), which Dobell (1922) believed
were oocysts of Eimeria stiedai. Since then, the
literature that records and documents the devel-
opment of our knowledge about coccidian para-
sites of vertebrates in general, and of rabbits in
particular, has become widely dispersed in
hundreds of journals and dozens of languages.
The “active” study of rabbit coccidia began in
earnest after the work of Hake (1839), who first
described pathology in the liver and duodenum
of the domestic rabbit (Wenyon, 1926), although
he believed the oocysts he saw were “pus glob-
ules” associated with a carcinoma of the liver.

Following Hake’s (1839) work, much of our
early knowledge on the biology of the coccidia
was done using domestic rabbits. Unfortu-
nately, early investigators never thought to
differentiate the species infecting the liver
from the form(s) infecting the intestine,
assuming they were all the same species, and
this led to many misinterpretations. A second
reason for confusion was that it took a long
time for early workers to understand that the
endogenous (sexual and asexual) and exoge-
nous (oocyst) stages were part of the same life
cycle. And a third reason, which entangled the
terminology in the early development of our
knowledge, is that several different generic
names were given to the coccidia when they
were confused with myxosporans and grega-
rines; these included Psorospermium, Coccidium,
and Monocystis (for an overview, see Levine,
1973a, 1974).

In 1845, Remak was the first to find oocysts in
the intestinal mucosa of rabbits, and Kauffmann
(1847) observed that oocysts segmented into
four separate sporocysts when kept in water.
Two decades later, Stieda (1865) verified Kauff-
mann’s observation and also noted that two
elongated structures (i.e., sporozoites) devel-
oped within each sporocyst; Lindemann (1865)
recognized the parasitic nature of the liver
stages and named the organism Monocystis

stiedae, thinking it was a gregarine. A decade
after this, Schneider (1875) named the genus
Eimeria for a mouse coccidium and a few years
later, apparently unaware of Schneider’s paper,
Rivolta (1878) named a rabbit coccidium Psoro-
spermium cuniculi and Leuckart (1879) proposed
the name Coccidium oviforme for the same form
he found in the rabbit intestine; we now know
both are junior synonyms of Eimeria perforans.
Two decades after Stieda’s report, Balbiani
(1884) confirmed that sporocysts each produced
two sporozoites along with a small residual
body. According to Wenyon (1926), L. Pfeiffer
(1890, 1891) and R. Pfeiffer (1892) were the first
to report that an endogenous multiplication
occurred in the rabbit’s intestine resulting in
the development and production of oocysts. In
1897, Simond was the first to illustrate Koch’s
postulates by feeding oocysts to young rabbits
reared from birth and to find both the interme-
diate stages of merogony, and later, newly
formed oocysts that resembled the original
ones fed to the rabbits. In spite of all this impor-
tant early work, the coccidia were considered of
no practical importance until the beginning of
the twentieth century.

The early days of the development of our
knowledge about how many eimerians infected
rabbits and how to separate them were
confusing, at best. Perard (1924a) and Wawor-
untu (1924) described some developmental
stages of E. perforans and E. stiedai, and Perard
(1924a) also reported a new intestinal eimerian
that he named E. magna (1925b). Prior to their
work, all other workers with rabbit coccidia
had considered this to be a larger form of E. per-
forans or had confused it with E. stiedai. Wawor-
untu (1924), unfortunately, didn’t (or couldn’t)
distinguish between these species and said
that he produced intestinal coccidiosis with
what he thought was E. stiedai, when he was
really using E. magna (1924, see his Fig. 9, Plate
II). He was not the only person to make this
mistake. Both Krijgsman (1926) and Wenyon
(1926) also confused oocysts of E. magna and
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E. stiedai. Finally, Waworuntu (1924) reported
a third kind of oocyst that he said was interme-
diate in size between E. magna and E. stiedai,
which Kessel and Jankiewicz (1931) later named
E. media. They (Kessel and Jankiewicz, 1931) also
named another rabbit intestinal species, E. irresi-
dua, the sporulated oocysts of which can easily
be distinguished from those of E. stiedai. Our
book tries to help sort out the details of the
discovery and our total current knowledge of
each species known to infect all rabbit species,
both domesticated and wild.

HIGH PREVALENCE
AND MULTIPLE SPECIES

Mention must be made that almost all rabbits
sampled, regardless of genus or species, and
from both wild populations and domestic
rabbitries, seem to be infected with coccidia,
and these infections usually are composed of
multiple coccidian species. Nieschultz (1923),
working on hares in Holland, found that over
90% were infected with coccidia. Cooper
(1927), reporting on the incidence of coccidiosis
in rabbits at Mukteswar, India (probably hares,
Lepus nigricollis), found an infection rate >
83%. Boughton (1932), who surveyed the snow-
shoe rabbit (Lepus americanus) in western
Canada, found 336 of 420 (80%) infected with
eimerians of various species. Gill and Ray
(1960) said that, “out of 855 consecutive post-
mortem examinations performed during a year
or so, 99.4%” of the hares they examined in
India were infected with coccidia. Duszynski
and Marquardt (1969) found all of 100 cottontail
rabbits (Sylvilagus audubonii) collected near Fort
Collins, Colorado, USA, to be infected with from
four to six species of Eimeria. Catchpole and
Norton (1979) examined 596 fecal samples
from Oryctolagus cuniculus from three commer-
cial rabbitries in southeast England. In those
rabbits managed conventionally in wire cages
over dropping pits, 96% contained oocysts,

and mixed infections were most common, with
67% of the rabbits carrying two to four different
eimerians. Moreno-Montañez et al. (1979) found
27 of 42 (64%) L. capensis from different localities
in Spain to be multiply infected with three
eimerian species. Tasan and Özer (1989), in
Turkey, found 32 of 40 (80%) L. europaeus hunted
between 1985 and 1987 in the rural districts of
two Provinces to be infected with from one to
four Eimeria species. Pakandl (1990) reported
a study done from 1983 to 1985, in which he
surveyed 33 digestive tracts and 317 fecal
samples of the European hare (L. europaeus)
from various localities in the Czech Republic,
and found 337 of 350 (96%) hares surveyed
were positive for coccidia infections represent-
ing various combinations of nine different
species of Eimeria. Polozowski (1993) examined
feces from 246 rabbits in six farm rabbitries in
the Wroclaw District of Poland and found 234
(95%) to be infected with from one to nine
species of Eimeria; their individual prevalences
ranged from 21% to 85% in the infected hosts.
Rabbits 1 to 3 months old always had five to
nine species of coccidia concurrently, while
rabbits > 24 months old were infected by only
one to three species concurrently (Polozowski,
1993). Of the age groups examined, 183 of 246
(74%) were < 3 months old and 15 of 246 (6%)
were 4 to 12 months old; these two age groups
harbored all nine eimerians identified, while
37 of 246 (15%) were 13 to 24 months old and
were infected with eight species. Additionally,
11 of 246 (4.5%) in which six eimerians were
identified were < 24 months old. Darwish and
Golemansky (1991) found 10 Eimeria species in
58/75 (73%) domestic rabbits from four locali-
ties in Syria. The 58 infected rabbits harbored
from one to seven Eimeria species each.

As clearly documented above, mixed infec-
tions are the rule, with single species infections
seen rarely in the wild or usually only under
laboratory conditions. In terms of pathology,
the most important rabbit coccidium is E. stiedai,
which occurs in the liver of the Old World wild
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rabbit (O. cuniculus) and its domesticated
subspecies, the common (albino) laboratory
rabbit; all other Eimeria (and two Isospora; see
Chapter 3) species in rabbits are found in the
intestines, as far as we currently know. Interest-
ingly, E. stiedai has been transmitted experimen-
tally both to cottontail rabbits (Sylvilagus spp.)
and to hares (Lepus spp.), and it has been
reported many times from both in surveys of
wild rabbits. It is the only rabbit eimerian that
has reliable (experimental) evidence that it can
infect multiple rabbit species in three different
genera. Including E. stiedai, there are about 74
Eimeria and two Isospora species now known to
parasitize five rabbit genera (see Chapters
3e7). Of these intestinal forms from the
domestic (lab) and Old World wild rabbits,
some are important pathogens (e.g., E. flaves-
cens), some seem to be only slightly pathogenic
in young rabbits (e.g., E. irresidua, E. matsubaya-
shii), and for other species (e.g., E. nagpurensis, E.
oryctolagi), we don’t know anything about how
they affect the health of rabbits infected with
them. Some of the intestinal coccidia of the
domestic rabbit have been reported in cotton-
tails, and a lesser number have been reported
from hares; most of these records should be
looked at critically and await confirmation
with cross-transmission studies and molecular
evidence. Coccidiosis (the manifestation of
disease symptoms) is entirely unknown in all
other rabbit genera and species (Ochotona, Lepus,
Sylvilagus spp.), with one exception. We do
know that the only eimerian reported to date
from endangered pygmy rabbits (Brachylagus
idahoensis) can be highly pathogenic and may
be responsible for recent declines in some of
their isolated populations.

AN EMERGING DISEASE PROBLEM

It is difficult to find uninfected rabbits, and
probably no rabbit remains uninfected for life.
The uninfected condition, which is likely

transient, may be more common in wild rabbits
in their natural environments (however, see
above), but coccidiosis in rabbits is an emerging
disease of growing importance in commercial
rabbits throughout the world (Licois et al.,
1990) because of the increasing commercial
production of rabbits as a source of protein,
for medical research, and as pets. For example,
in India, where the incidence of disease is
reported to be 13e64%, it has a major impact
on rabbit production and is responsible for
a high incidence of morbidity and mortality.
Similarly, the incidence of disease in European
countries is 21e60% (Bhat et al., 1996). Al-
Mathal (2008) found 158/490 (32%) domestic
rabbits, 1 to 4 months old, on three farms in
Saudi Arabia, to be infected with E. stiedai and
demonstrating symptoms of infection (and see
Toula and Ramadan, 1998). Coccidia also are
an important contributing factor to diseased
rabbits in Iran (Yakhchali and Tehrani, 2007;
Razavi et al., 2010), Nigeria (Musongong and
Fakae, 1999), Syria (Darwish and Golemansky,
1991), southwestern Australia (Hobbs and
Twigg, 1998), Brazil (Mundin and Barbon,
1990), and elsewhere throughout the world.

COCCIDIOSIS: DISEASE,
SYMPTOMS, PERPETRATORS

Coccidiosis in rabbits primarily is a disease of
young animals, while adults most often act as
carriers by discharging oocysts into the environ-
ment. Rabbits become infected by ingesting
sporulated oocysts with their food or water.
The severity of the disease depends upon the
number of infective oocysts ingested, upon the
coccidian species involved and its preferred
habitat and cell type within the rabbit, and
upon each rabbit’s own immune and nutritional
status. Disease occurs most often in intensively
managed animals, but it appears also in well-
cared-for rabbits (van Praag, 2011). Feces may
contain blood and threads of mucus. Young
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rabbits present with retarded growth, due
mainly to side effects on the kidney and the
liver. In general, during both intestinal and
hepatic coccidiosis, the normal function of
infected cells is inhibited, the cells are hypertro-
phied, and they eventually die.

Intestinal coccidiosis mainly affects young-
sters from age 6 wks to 5 mo. Clinical symptoms
may include a rough coat, dullness, depression,
diminished appetite and poor feed conversion,
abdominal pain, dehydration, loss of weight,
pale watery mucous membranes, and (some-
times profuse) diarrhea, 4 to 6 days post-
infection (PI). Within intestinal enterocytes,
when numerous cells are infected the villi will
atrophy, leading to malabsorption of nutrients,
electrolyte imbalance, anemia, hypoproteine-
mia, and dehydration due to erosion and ulcer-
ation of the epithelium. If weight loss reaches
20%, death may follow within 24 hr and can
be preceded by convulsions or paralysis. In
intestinal coccidiosis, disturbances in water
and electrolyte balance occur in parasitized
parts of the intestine before the appearance of
the macroscopic lesions and are characterized
by a loss of water and sodium (Bhat et al.,
1996). The loss of sodium is compensated by
the exchange of potassium from the blood,
thereby leading to hypokalemia, and may cause
death (Lebas et al., 1986). The majority of intes-
tinal species develop in the small intestine,
while only E. flavescens and E. piriformis
complete their development in the caecum and
colon, respectively. Upon necropsy, inflamma-
tion and edema will be found in the most
heavily infected portions of the gastrointestinal
tract (dependent on the coccidian species),
sometimes accompanied by bleeding and
mucosal ulcerations (Oncel et al., 2011; van
Praag, 2011). Intestinal coccidia species can be
classified into four groups based on clinical
parameters (weight loss, diarrhea, mortality):
non-pathogenic to slightly pathogenic: E. exigua,
E. irresidua, E. matsubayashi, E. perforans, E.
piriformis; moderately pathogenic: E. coecicola,

E. media; very pathogenic: E. flavenscens, E. intes-
tinalis, E. magna; and unknown pathology:
E. nagpurensis, E. oryctolagi, E. roobroucki, E. vej-
dovskyi (numerous authors; see Chapter 6).

Hepatic coccidiosis, caused only by E. stiedai,
affects rabbits of all ages when the parasite
develops in the bile ducts of the liver, which
become enormously enlarged, and thereby
interferes with liver function. In hepatic coccid-
iosis, white nodules or cords develop on the
liver, which later tend to coalesce; infected
animals may have diarrhea and their mucous
membranes may be icteric. Other symptoms
include listlessness, thirst, wasting of the back
and hindquarters, and enlargement of the
abdomen caused by an enlarged liver and gall
bladder. This infection can take either a chronic
course during several weeks, or it may turn
acute and end in death within 10 days, preceded
by coma and sometimes diarrhea. At necropsy,
liver, gall bladder, and the bile duct will be
found to be distended and enlarged with white
nodules covering the surface. Secondary bacte-
rial infection, in particular with Escherichia coli,
can lead to bacterial presence in the nervous
system (Abdel-Ghaffar et al., 1990; Bhat et al.,
1996; Yakchali and Tehrani, 2007; Freitas et al.,
2010; van Praag, 2011).

Finally, hematological studies of rabbits
infected with either intestinal or hepatic eimer-
ian species (or both) demonstrate numerous
changes in blood parameters including, but
not limited to: reduced hemoglobin and RBC
count, accompanied by a significant increase in
packed cell volume (PCV) and total white blood
cell (WBC) count; decreased levels of liver lipids
and of sodium and chloride, but increased levels
of total protein, globulin, cholesterol, low-
density lipoproteins (LDL-c), triacylglycerols,
and potassium. Electrolyte imbalance is likely
attributed to diarrhea. Serum calcium, iron,
copper, zinc, and glucose are usually slightly
lower than in healthy animals and may indicate
malnutrition due to intestinal damage or
secondary bacterial infection. Liver coccidiosis
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is accompanied by significant elevation of
serum bilirubin, alkaline phosphatase (ALP),
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), and gamma glutamyl
transpeptidase (GGT) (Licois et al., 1978a, b;
Peeters et al., 1984; Abdel-Ghaffar et al., 1990;
Bhat and Jithendran, 1995; Jithendran and
Bhat, 1996; Kuli�si�c et al., 1998, 2006; Tambur
et al., 1998a, b, c, 1999; Freitas et al., 2010).
When animals return to normal after appro-
priate treatment, values return to normal levels
(van Praag, 2011).

EPIDEMIOLOGY OF DISEASE IN
RABBITS AND ITS LIMITATIONS

All populations of organisms are limited
partially or completely by diseases in their
ecosystems (Real, 1996; Pimentel et al., 1998),
but the complexity of variables that must be
considered when studying the epidemiology
of any disease condition is daunting. Disease
prevalence in populations and ecosystems is
influenced by numerous biological and environ-
mental factors, including infectious organisms
(viruses, bacteria, fungi, protists, helminths,
etc.), presence or absence of intermediate hosts
(in heteroxenous life cycles) and of mechanical
vectors (e.g., filth flies, earthworms, soil nema-
todes, etc.), air, water and soil pollutants (chem-
ical and biological wastes), and shortages of food
and nutrients (Dubos, 1965). In addition, selec-
tion that exists in natural populations is
inhibited by domestication; this was demon-
strated early by Osipovskiy (1955), who showed
the importance of selection with regard to
resistance to coccidiosis. While working with
chinchilla rabbits from 60 to 65 days old, he
showed that, through selection, mortality
due to artificial infections could be reduced
from 45% in the first generation to 18% in the
second, and to 9% in the third generation. This
complex of factors and their interactions
makes tracking and assessing the causes and

effects of individual diseases extremely difficult
(McMichael, 1993). Disease dynamics are further
complicated by the increased density of the
animals during crowding (loss of habitat in the
wild; domesticated breeding facilities), because
high densities facilitate both the increase and
spread of infectious organisms. Thus, it would
be ideal if we could assess the relationship
between high population density and increased
environmental degradation and be able to quan-
tify and correlate such variables as: population
growth and disease transmission; water pollu-
tion and diseases; atmospheric pollution and
diseases; pesticide pollution and diseases, espe-
cially those chemicals that affect nervous
systems by inhibiting cholinesterase (e.g.,
organophosphate and carbamate classes); the
effect of land degradation on disease incidence;
food contamination, disease, and malnutrition;
drug resistance; and changes in ecosystem bio-
logical diversity, evolution of parasites, and
invasion by exotic species that all can result in
disease outbreaks. Clearly, the puzzle is complex
and our limitations are great.

Mykytowycz (1962) noted that coccidia
frequently have been held responsible for the
death of free-living rabbits and hares. However,
very few such studies were carried out system-
atically and in sufficient detail to warrant those
conclusions, including those by Ritchie (1926),
who reported coccidiosis among mountain
hares in Scotland; Clapham (1954), who pointed
out the association of coccidia with mortality of
wild rabbits in England; Rieck (1956), who
attributed death from coccidiosis among free-
living hares and rabbits in Germany; Naumov
(1939), who drew the same conclusion of hares
in Russia; and Bull (1953, 1960), who, like others
before him, came to the conclusion that “E. stie-
dae is well suited to control rabbit numbers in
New Zealand.”

Mykytowycz’s (1962) own study of the epide-
miology of coccidiosis involved six Eimeria
species he studied in a free-living population
of wild rabbits (O. cuniculus) confined to
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a 2-acre experimental enclosure near Canberra,
A.C.T., Australia. Eight wild rabbits (three
does, five bucks) born in captivity, and infected
naturally with the six Eimeria species, were
introduced into the enclosed pasture and the
infections were monitored. Over 35 months,
2,326 fecal samples were examined from these
rabbits and only 3.6% were found to be
coccidia-free. The proportion of infected rabbits
increased as the population increased. Mykyto-
wycz (1962) felt that the high percentage of
infected rabbits was not an artifact from the
enclosure conditions, since separate examina-
tion of field-caught rabbits showed an 89%
infection rate. He also reported that multiple
infections were common: only one Eimeria
species was found in ~7% of the rabbit samples,
two species in 29%, three in 38%, four in 17%,
five in 4.5% and six in 1%. Other interesting
conclusions from this study were: (1) the
increased discharge of oocysts by infected
rabbits over time was due to the breakdown of
resistance rather than to exposure to new infec-
tions; (2) once three eimerians (E. perforans, E.
piriformis, E. irresidua) had established them-
selves in the population, they were persistent
and tended to maintain high levels of infection;
(3) in contrast, infections with three others (E.
media, E. magna, E. stiedai) were subject to
pronounced fluctuations; (4) resistance to
coccidia increased with age, as noted by the
decrease in the discharge of oocysts by older
animals; (5) development of resistance to these
eimerian parasites appeared at the age of 3
mo; (6) three eimerians (E. perforans, E. irresidua,
E. media) showed no tendency to infect rabbits of
any particular age group; (7) in contrast, two
species (E. magna, E. stiedai) were most
frequently found in rabbits of the youngest age
groups, 1 to 3 mo; (8) one species (E. piriformis),
on the other hand, was less common in younger
age groups and infected a high proportion
of older rabbits; (9) two species (E. piriformis,
E. perforans) were the most common species
found, whereas infections with two others

(E. media, E. magna) were intermittent; (10) Eime-
ria piriformis affected all age groups with equal
severity, while E. stiedai affected the youngest
rabbits most severely; (11) large numbers of
oocysts in the feces did not indicate the presence
of demonstrable disease; and (12) there was
little difference in the level of infection between
the sexes, even during the breeding season.

THE SPECIES CONCEPT

One of the stated objectives of this book is to
document, in one place, the number of nominal
species of coccidia that infect rabbits. But what
is a species? Darwin said that species are related
by the physical connection of genealogical
descent, but questioned the reality of species,
saying they were artificial combinations made
for convenience (Gould, 1992). Gould (1992),
however, argued that there was a rationale that
could be used to give a historical definition of
species as “unique and separate branches on
nature’s bush.” His rationale generally works
for most eukaryotes, but prokaryotes (bacteria,
archaea), viruses, and prions undermine all old
definitions by the ways they can share, incorpo-
rate, and exchange DNA.

Defining any species is a challenging task,
particularly in groups of microorganisms that
are not well known, and species concepts, there-
fore, are necessarily tailored for specific groups.
Schipani (2011) correctly stated that “Imposing
separations on the fluid process of evolution
inevitably breeds disagreement on what exactly
constitutes a species.” Delimiting and then
defining species has challenged biologists since
Carolus Linneaus first began to sort and name
organisms 250 years ago using only macro-
scopic physical characteristics, and Mayden
(1997) identified at least 22 different species
concepts. Only since the advent of molecular
sequencing techniques have species become
less confounding to researchers, because now
two or more “cryptic” organisms once thought
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to be identical can be split into separate species
due to differences in their genetic code. Since
DNA is the only thing that unites all species,
gene sequencing and DNA analysis are helpful
in many ways, but they do not replace classical
scholarship, and, as we will see with the
coccidia in general and rabbit coccidia in partic-
ular, gene sequencing data are simply not avail-
able for the vast majority of species. Thus,
structural (sporulated oocysts) and biological
(endogenous developmental stages, host speci-
ficity) characters must still play a more promi-
nent role in defining and distinguishing
between most species of coccidia, including
those from rabbits. And we must always keep
in mind that alpha taxonomy (describing and
naming new species based on the appropriate
and available character states at the time) is
always a work in progress. Those people (taxon-
omists) who delimit a species will always be fol-
lowed by someone who does a better job as
better tools are available.

One of the fundamental questions of biology
is, “What is the full nature of biodiversity on
Earth?” In the time since Linnaeus introduced
the practice of binomial nomenclature and
articulated the goal of identifying all species of
organisms, we still have accounted for only
a tiny fraction of the whole (Wilson, 2003,
2004, 2011). The number of living species
discovered and named to date is about 2 million,
but the true number of all living things
(including viruses, archaeans, and bacteria) is
minimally 10 times that number (Reaka-Kudla
et al., 1997; Stork, 1997) and may be > 100
million species (Wilson, 2004)! For example,
the insects, with about 1 million named species,
easily could have five times that number. And
the nematodes, with about 25,000 named
species, might be the most abundant eukaryotes
on Earth if we consider that virtually every
insect that has been studied in detail may have
at least one nematode species that is unique to
it. In fact, it is estimated that, “If all the matter
in the universe except the nematodes were

swept away . we should find [our world’s]
mountains, hills, vales, rivers, lakes, and oceans
represented by a thin film of nematodes” (Cobb,
1914; and quoted by Roberts and Janovy Jr.,
2009, p. 369). Some say that four of every five
animals on earth are nematodes. Similar
comparisons of magnitude can be made for
mites, gregarines, and viruses, and it is esti-
mated that microbes make up 90% of the ocean’s
biomass, including perhaps 20 million bacterial
species (Wilson, 2011). Wilson (2011) further
predicts that as we look more carefully at
protists, fungi, and small invertebrates, we will
discover numbers “even larger than expected,
as species are added that are very rare, seasonal,
limited in distribution, or specialized for niches
seldom examined. Others will be found that are
‘cryptic,’ forming genetically separate popula-
tions, but so similar in anatomical traits conven-
tionally used by taxonomists as to be
overlooked until their DNA is sequenced.”
Clearly, we only know a small fraction of the
number of species that share the Earth with us,
and defining these species is certainly the most
challenging part of assessing our planet’s biodi-
versity. So what about the coccidia?

TAXONOMY AND SYSTEMATICS
CRISES AFFECT BIODIVERSITY

Science journalist Carl Zimmer (2012, p. 181)
asked outspoken, visionary astrophysicist Dr.
Neil deGrasse Tyson, Director of the Hayden
Planetarium, about our current knowledge of
the universe: he said, “Everything we know
and love (about the universe)delectrons,
protons, neutrons, light, black holes, planets,
starsdeverything we know and understand
occupies four percent of the universe. So we’re
just dumbdstupiddabout what’s driving the
cosmos.” How does knowing and under-
standing about 4% of the universe compare to
what we know and understand about the cocci-
dian parasites of vertebrates? About the same!
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Thorough, revisionary studies of coccidia from
vertebrates have been completed for only
a few host groups. For example, only 45 of
~6,009 amphibian species (< 1%; Duszynski
et al., 2007), 208 of ~3,108 snake species (7%;
Duszynski and Upton, 2009), 37 of 428 sorico-
morph (insectivore) species (9%; Duszynski
and Upton, 2000), 18 of 233 primate species
(8%; Duszynski et al., 1999), 86 of 925 chiroptera
(bat) species (9%; Duszynski, 2002), and 23 of 92
lagomorph species (25%; this work) ever have
been examined for coccidia (that is, 417/
10,795; 4%); from these few vertebrate groups,
10 genera and about 620 valid coccidia species
have been documented. We can only imagine
what remains to be learned when the other
96% of these vertebrate hosts are examined
and their coccidia discovered. And these
numbers don’t include the birds, the fish, the
rodents and other mammals, the lizards and
other reptiles, etc. We think this is the perfect
prelude to our discussion on taxonomy, system-
atics, and biodiversity, because these are
sciences in crises.

Taxonomy

Taxonomy is the science of naming organ-
isms, and it is arguably the oldest of all biolog-
ical disciplines, going as far back in written
form to the time of Aristotle (Luoma, 1991). Car-
olus Linneaus set out to catalogue all the plants
and animals known in the mid-1700’s and
described about 7,300 plants (Linneaus, 1753)
and 4,200 animals (Linneaus, 1758) in his 2 trea-
tises, Systema Plantarum and Systema Naturae,
respectively (Luoma, 1991). But taxonomy is
much more than merely a descriptive science
that inventories the Earth’s biodiversity;
given the extreme particularity of all species
groups, and how little we know about
the species in most of them, taxonomy can
justly be called “the pioneering exploration of
life on a little known planet” (Wilson, 2004).
Taxonomy provides the database for ecology

and conservation science, and it lays the founda-
tion both for the phylogenetic tree of life (Wil-
son, 2004) and the emerging encyclopedia of
life (Wilson, 2003; Blaustein, 2009). Taxonomists
interpret and integrate millions of facts about
the myriad of species now known; they make
the identification of species available to others,
they provide the vocabulary to talk about
them, they test the evolutionary units of biolog-
ical diversity, and they make accessible all that
we know about life on this planet (Wheeler,
2004). Taxonomy makes testable hypotheses
and its results are as rigorously scientific as
any; it is not just an identification service for
other biologists, although the need for reliable
species identifications is a major justification
for all biologists to support it.

As humans, we are innately curious about
other species. There will always be both profes-
sionals and amateurs who appreciate aesthetic
beauty in nature, and who will want to go into
new places to identify species based on observ-
able morphology (Wilson, 2011). What critics of
taxonomy as a valid discipline fail to acknowl-
edge is that it is in no way different from geno-
mics or proteomics, also descriptive disciplines,
which are involved in endeavors such as bacte-
rial artificial chromosome libraries and the
Human Genome Project (Wheeler, 2004). But
taxonomy is not just descriptive, it is
hypothesis-driven and tests hypotheses on
multiple levels. For example, if a taxonomist
claims that one (new) species differs from all
(previously) known species, that claim is
a hypothesis about the discontinuous distribu-
tion of its unique combinations of characters.
Every division (clade), at every Linnaean rank,
is a hypothesis, and all of these hypotheses
represent generalizations from which specific
future observations can be predicted (Wheeler,
2004). When those future observations are
made, the initial hypothesis is either cor-
roborated or refuted. When one studies the
coccidia, and each time a new host specimen is
examineddparticularly one in a previously
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unexamined populationdnew species are
described establishing hypotheses that can be
tested. When new species and characters are
added to a data matrix, higher taxa are opened
to testing anew. As additional specimens and
populations are studied, these hypothesized
boundaries are tested. Given that many species
have wide and complex ranges, truly rigorous
species testing is neither automatic nor easy
(Williamson and Day, 2007). But before we begin
species testing, we must know what has been
done and what yet needs to be done. Thus,
a book such as this one makes an immediate
and lasting contribution toward understanding
the diversity of less conspicuous species, like
the coccidia, which will never be as popular
with professionals or amateurs as are mammals
or birds. Is it important that the identification of
protists, and knowledge of their biology, is
unknown to most biologists? Yes! Does it seem
to some that process-based ecological research
and laboratory-based genomic sequencing take
a more modern approach to species identifica-
tion? Yes! Yet the latter are of little value, and
likely unrepeatable, unless they are closely
linked to the scientific identities of the organ-
isms concerned. Such identities are needed to
connect biodiversity and ecosystem processes,
information that must be at hand to effectively
diagnose and control diseases caused by para-
sitic protists (Williamson and Day, 2007).
Without taxonomy, phylogeny is impoverished
(Korf, 2005), ecology is deprived of one of its
fundamental units of currency (Gotelli, 2004),
and conservation biology loses focus and aim
(Godfray and Knapp, 2004; Mace, 2004).

Systematics

Systematics is the science that looks beyond
the naming of species and more deeply into
the evolutionary and ecological relationships
among organisms (Luoma, 1991). The conun-
drum of non-comparable species concepts (see
Mayden, 1997) stresses the importance of, and

can be resolved by, revisionary systematics. In
taxonomic work, it is critical that well-trained
systematists revisit the earlier work of taxono-
mists. That is, the best approach is to stand not
on the shoulders of a few giants, but upon
a pyramid that continues to grow by ordinary
researchers revising each other’s work and
building upon it. Ecologists who study biodi-
versity rarely consider revisionary systematics
as important to their studies because it’s dis-
missed as merely descriptive. But counts of
species very well may be unreliable without
frequent reevaluation and expansion of the
character and distributional data upon which
taxonomic concepts are based. Such revisionary
work adjusts earlier concepts, sometimes
dramatically. For example, Wilber et al. (1998)
revised the taxonomy of Eimeria species from
rodents in the mammalian Tribe Marmotini
(Sciuridae) and reduced the number of named
eimerians from 40 to 26 species. With successive
efforts, a general community standard will
eventually take shape, and the tally of taxa
should converge on a reliable estimate. This
means that large-scale ecological agendas need
to support not only alpha taxonomy, but also
revisionary systematics on taxa of special
interest to them. There are important practical
consequences implicit in the recognition that
revisionary taxonomy also is hypothesis-
driven. The confidence one has in a species
hypothesis is directly proportional to the extent
to which that hypothesis has been tested. Unfor-
tunately, hypothesis testing is rarely done in
taxonomy, especially in the case of little-
studied microorganisms like the coccidia, where
new observations of related species have the
potential to alter the hypothesis. Without
well-trained taxonomists in these disciplines
there will be no revisions (e.g., monographs),
and without them, most species hypotheses
remain untested and no real progress in
taxonomy or in phylogenetic biology can occur.
Revisions, the summation of scattered reports of
species and subordinate taxa, when carefully
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reconsidered and revisited, are the essential
tools for progress in understanding biodiversity.

It is widely known, and unfortunate, that we
have a crisis in the training of new taxonomists
and systematists (Wheeler and Cracraft, 1997;
Brooks and Hoberg, 2000; Wheeler, 2004;
Wheeler et al., 2004; Wilson, 2004; Ebach and
Holdrege, 2005a, b; Korf, 2005; Agnarsson and
Kuntner, 2007; Raczkowski and Wenzel, 2007;
Grant, 2009). The worldwide total of specialists
with sufficient skills to identify microorganisms
like protists is likely less than a few hundred
individuals (Williamson and Day, 2007). World-
wide, as few as 6,000 biologists work in all of
taxonomy, and this number is dwindling fast as
traditional taxonomists retire and universities
fail to train new people to replace them (Wilson,
2003). According to Korf (2005), in the last 30
years, the decline in taxonomic work has been
“catastrophic, to the point that taxonomy is today
potentially bleeding to death,” and Ebach and
Holdrege (2005a, b) offer a similar cataclysmic
view: “Taxonomists soon will become fossils in
the strata of scientific evolution themselves.”
Clearly, not enough people are qualified
currently to interpret classical taxonomic scholar-
ship, and that number is shrinking, which means
that in the very near future we will not be able to
revise our taxonomy, leaving us with whatever
baseline the original authors described.

Biodiversity

The guiding agenda of understanding biodi-
versity is to fully discover and describe the
species of an entire planet (Wilson, 2003, 2011;
Wheeler, 2004; Blaustein, 2009). This taxonomic
imperative has theoretical, practical, and ethical
implications. Even with conservative estimates,
it is likely that as few as 50% or as many as
90e98% of the Earth’s species remain to be
discovered and described. The majority of the
lay public seem surprised to learn that most
of biodiversity is still entirely unknown. Our
lack of knowledge compromises any hope of

resolving the phylogeny of life on Earth, unless
there is a truly ambitious effort to advance
descriptive taxonomy. In the face of this biodi-
versity crisis, the need to rebuild expertise and
strengthen the infrastructure for taxonomy is
paramount (Wheeler and Cracraft 1997).
Although the precise impact of species excluded
from any systematic analysis varies from case to
case, there is general agreement that multiple
missing taxa are a serious impediment to the
recovery of true phylogenetic patterns. For all
but a few relatively well-known (and small)
clades, this ignorance of species diversity poses
an impediment to resolving phylogenetic rela-
tionships. And what is the result of this igno-
rance? Biologists in the future will have little
faith that proposed phylogenies are even
approximately correct and phylogenies will be
subject to frequent and major reorganizations.
Expertise on many taxa, especially within the
Protista, is disappearing entirely, and what
passes for morphology in phylogenetic studies
is sometimes just a literature review added as
a few lines to a predominantly molecular data
matrix. Our book builds on reconciling the taxo-
nomic work on rabbit coccidia of all who went
before us. The older literature is still pertinent
to the biodiversity enterprise, especially for
our lesser-studied species. In these groups, our
knowledge may exist in the form of one article
or one photomicrograph of one life-history stage
describing and representing the entire species
content. Therefore, current research will neces-
sarily rely on older literature in a way that is
not paralleled by other scientific fields (e.g.,
particle physics) where it is not necessary to
consult eighteenth- and nineteenth-century
works to do current research.

MODERN DNA TAXONOMY

Wilson (2003, 2004, 2011) emphasized that
each species is a universe unto itself: its own
genetic code, anatomy, behavior, life cycle, and
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environmental role, “a self-perpetuating system
created during an almost unimaginably compli-
cated evolutionary history.” It wasn’t until the
advent of DNA technology, about 2 decades
ago, that taxonomists began to incorporate parts
of an organism’s genetic code into their taxo-
nomic descriptions. However, we must be
cautious; DNA taxonomy is useful for labeling
specimens whose names are already known
(Raczkowski and Wenzel, 2007), but such data
are not likely to be a substitute for formal revi-
sionary systematics for several fundamental
reasons. First, molecular studies rely on the
standards of species that were described
through traditional means, but they do not reex-
amine the original descriptions, nor do they
often include many individuals (Lipscomb
et al., 2003; Raczkowski and Wenzel, 2007).
Indeed, as we progressively use DNA
sequencing to enhance our power to discover
small differences among species, it is likely we
also will amplify problems associated with
“over-splitting” and lose track of the more
universal species concepts upon which the rest
of biology is founded. Thus, it cannot be just
about DNA sequencing; the best future
approach lies in advancing classical taxonomy
and systematics hand-in-hand with modern
DNA methods (Raczkowski and Wenzel,
2007). In the past, molecular biologists have crit-
icized taxonomists for conducting descriptive
work without themselves recognizing that
much of molecular biology is descriptive and
not hypothesis-driven. DNA is simply more
species data and Lipscomb et al. (2003) felt
that “it is clearly impossible to equate DNA
sequences with taxonomic insights.” We need
to remember that good science is, unequivo-
cally, always hypothesis-driven.

TAXONOMY VS. BARCODING

It’s been stated both implicitly and explicitly
that taxonomy has little intellectual content and

is seen as a descriptive science whose primary
function is identification. Manymolecular biolo-
gists have mistakenly expressed the view that
such a discipline could, and should, be replaced
by mitochondrial DNA (mtDNA) barcoding
(Ebach and Holdrege, 2005a, b). Early barcoders
(Herbert et al., 2003) proposed a universal
animal barcode: a segment of ~650 basepairs
of the mitochondrial gene cytochrome c oxidase
subunit 1 (CO1), which is attractive because
primers used to amplify that gene fragment
worked across many animal groups, including
birds (Herbert et al., 2004), fish (Ward et al.,
2005), leeches (Siddall and Budinoff, 2005),
and mosquitoes (Grant, 2007; Kumar et al.,
2007). These studies took species that were
already well delineated through morphology,
ecology, and other characters, collected their
CO1 sequences and determined how closely
traditional classifications matched with those
derived from the barcode DNA. Barcoding is
an extremely exciting and potent tool for
helping make species identifications easier in
some protist taxa, like the coccidia, with
complex and multiple life-cycle stages. For
example, when one stage of the life history is
readily identified by morphology (e.g., a sporu-
lated oocyst), DNA barcodes can enable associ-
ations with other life-cycle stages (e.g.,
endogenous developmental stages). In the clin-
ical setting, it also has the potential to rapidly
identify biological pathogens in ailing hosts
(Grant, 2007; Williamson and Day, 2007).

However, barcoding is not a good approach
to species discovery and description. Very often,
the CO1 gene sequence is used as the animal
barcode, but it does not differentiate accurately
between all animal species, and for some taxo-
nomic groups (some Diptera, Scleractinia
corals), it presumably doesn’t work at all
(Grant, 2007). In rabbits, for example, mtDNA
sequences gave misleading signals that
proved unreliable and impractical in attempted
phylogenetic reconstruction of hares (Lepus
spp.) (Slimen et al., 2008; Kriegs et al., 2010).
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This leaves some taxonomists unconvinced of
the utility of trying to barcode every species,
especially because it is generally accepted that
any single-character system is unlikely to be
the panacea for anything. Plant barcoders have
not yet identified a suitable, standardized alter-
native to CO1 because it doesn’t work in plants;
their evolution rates are much more variable
than in animal species, meaning that divergence
in plant mitochondrial genomes is virtually nil
(Grant, 2007).

Barcoding could indeed be valuable in quick
species identification for rapid environmental
assessment and in allowing a rapid survey of
the biodiversity in a polluted lake or in
a planned development site near an environ-
mentally sensitive area (Ebach and Holdrege,
2005a, b). But we must remember that DNA
barcoding generates information, not knowl-
edge, and that information will prove meaning-
ful only if it can be placed within the context of
morphological, physiological, and behavioral
knowledge; that is, it needs to be put into
context to be useful (Ebach and Holdrege,
2005a, b). On its own, a barcode cannot confer
new species status; it is just another technique
in the taxonomist’s toolbox and should not be
taken for more than that. However, when
used with an appropriate bioinformatics data-
base, barcodes promise to provide rapid and
effective identification with good species sepa-
ration. Such an evaluation process requires
traditional taxonomic standards in order to
connect a barcode to an authoritatively named,
museum-preserved sample or culture (Ebach
and Holdrege, 2005a, b; Williamson and Day,
2007).

PARASITES, SHRINKING
ECOSYSTEMS, AND DISEASE

Every living organism is host to many kinds
of commensals and parasites during part or
all of its lifetime, but in most instances and

most of the time they do little or no harm. Under
our current paradigm of host-parasite co-evolu-
tion, parasites are continually evolving more
effective methods to exploit their host, and the
host is continually evolving more effective
methods to control that exploitation (e.g.,
immunological, behavioral); that is, each
partner in this association is exerting a selective
pressure on the other one. Under what circum-
stances, then, do parasites become pathogens?
Holmes (1996) suggested the answer involves
a triad consisting of the host, its parasites, and
their environment. All parasites, and especially
obligate intracellular parasites like the coccidia,
are dependent upon their hosts for survival, and
both host and parasite survival is dependent
upon the environment in which they both exist.
It is not within the scope of this book to belabor
either parasite ecology or how parasites can
(and do) affect biodiversity; those topics are
best left to the experts (see Combes, 1996;
Holmes, 1996; Renaud et al., 1996). We think it
is relevant, however, to superficially highlight
a few parts of the complexity involved that
have influenced the host-parasite patterns we
see in the coccidia of some rabbits.

Shrinking ecosystems (habitat destruction),
the introduction of exotic animals and their
parasites, overkilling of certain host species,
environmental toxins (e.g., acid rain, industrial
wastes, pesticides, etc.), and climate change
have important consequences on the emergence
of disease, especially in shrinking ecosystems
(Wilson, 1992; Agnarsson and Kuntner, 2007).
Indeed, Wilson (1992) identified these compo-
nents as the “mindless horsemen of the environ-
mental apocalypse.” Shrinking ecosystems, for
example, will concentrate both species and indi-
viduals into restricted areas, and this can only
promote both the transmission and exchange
of parasites among individuals and host species,
especially for parasites with direct life cycles,
like most coccidia. As ecosystems shrink, their
habitats become fragmented, which increases
their edge effect and can bring an influx of
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new host species into the disturbed habitats
between fragments (Holmes, 1996). If new hosts
introduce their parasites upon invasion, these
may be new species and/or more pathogenic
strains than those in the resident host popula-
tion; thus, as habitats become compressed, we
should witness the emergence of new diseases
and increasing numbers of epidemics (Scott,

1988; Holmes, 1996). Each of these effects
increases the potential for a host’s usual para-
sites to become pathogenic, so the importance
of disease is expected to increase in shrinking
ecosystems. Some of these changes may
contribute to what we are witnessing in pygmy
rabbit populations in the Pacific northwestern
USA (see Chapter 4).
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There are differing opinions as to the evolu-
tionary relationships of the lagomorphs relative
to the rest of the eutherian (placental)
mammals (see McKenna, 1982). Li et al. (1990),
using only the coding regions of up to 14
protein-coding genes, constructed molecular
phylogenies to try to determine the branching
order of five major mammal orders: Artiodac-
tyla, Carnivora, Lagomorpha, Primates, and
Rodents, because the evolutionary position of
the Lagomorpha always has been in contro-
versy, with some paleontologists arguing that
rodents and lagomorphs are most closely
related to each other, while others argue that
lagomorphs separated from the rodents at the
time of eutherian radiation (Li et al., 1990).
They interpreted their data to provide “strong
evidence” for their four major conclusions:
(1) Rodentia is an outgroup to the other four
mammalian orders; (2) there is not a close rela-
tionship between the orders Rodentia and
Lagomorpha; (3) the Lagomorpha branched

off from the major eutherian lineage after the
Rodentia, but before Artiodactyla, Carnivora,
and Primates; and (4) the Artiodactyla-
Carnivora formed a single, “superordinal”
clade. Later work by Rose et al. (2008), based
on recent fossil discoveries, returned to the
concept of a mammalian superorder, Gilres,
which includes both the Rodentia and Lago-
morpha as closest relatives (also see Meng and
Wyss, 2005; Missiaen et al., 2006).

The order Lagomorpha is generally agreed
upon to be a homogeneous grouping that
comprises two extant families, Ochotonidae
(pikas) and Leporidae (rabbit and hares).
Although rabbits and hares are fairly similar to
one another in body size, when compared with
the diversity of body forms and sizes in the
closely related rodents, the phylogenetic rela-
tionships among leporids are still controversial
and may become more so. Recently, paleontolo-
gists unearthed the bones of a giant rabbit, the
largest ever found, on the Mediterranean island
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of Minorca (Millius, 2011). There, about 3 to 5
million years ago (MYA), a rabbit species now
called Nuralagus rex, grew to about 0.5 m high
and had an estimated weight of 12 kg, six times
the size of today’s European wild rabbit (Orycto-
lagus cuniculus); this shows the kind of “unusual
turn” evolution can take on islands. When
pioneer animals arrive and begin colonizing an
island, rates of evolution can speed up, and
initially small creatures can become very large
and/or big ones can shrink. To date, no poten-
tial carnivores were found among the rabbit
fossils from the same time period on Minorca,
suggesting the rabbits could have evolved to
a larger body size with no evolutionary pres-
sures to escape predators by maintaining agility
and speed. In fact, the short spinal column
documented from these fossils suggests that
N. rex probably didn’t even hop much (Millius,
2011).

LAGOMORPH BIODIVERSITY
AND FAMILIAL RELATIONSHIPS

When compared with other mammalian
orders, the Lagomorpha is not diverse and con-
tains just three families, Prolagidae (Sardinian
pika, extinct), Ochotonidae (pikas), and Lepori-
dae (rabbits and hares).

The monotypic Prolagidae (type species,
Prolagus sardus [Wagner, 1832]) was found on
a number of Mediterranean islands (e.g., Sardi-
nia, Italy; Corsica, France), but it is now consid-
ered extinct by the IUCN. It is described from
fossils, but actually may have survived until
historic times, perhaps as late as 1774 (Hoff-
mann and Smith, 2005).

Species in the second family, Ochotonidae,
most commonly are called pikas, but individ-
uals also have been called cony, mouse hare,
rock rabbit, and whistling hare by various
authors (Holtcamp, 2010; Chapter 3). All pika
species share a single genus, Ochotona, and
show little morphological variation or diversity,

which makes them one of the most complex and
problematic groups for mammalogists. They are
Holarctic lagomorphs comprising about 30
species (Hoffmann and Smith, 2005) and
numerous sub-species. Most ochotonid species
are found in Asia, mainly on the Qinghai-
Tibetan Plateau of (West) China, but also in
Afghanistan, Burma, India, Iran, Japan,
Kazakhstan, Korea, Nepal, Pakistan, and
Russia, while only two species are found in
North America (Chapman and Flux, 1990; Hoff-
mann and Smith, 2005). Yu et al. (2000) divided
the genus into three groups based on molecular
sequencing of mitochondrial cytochrome b and
ND4 genes: “shrub-steppe,” “mountain,” and
“northern,” but the placement of species within
these groups is still a matter of debate among
mammalogists.

The Leporidae consists of 11 genera, which
share a total of 61 species; seven of these 11
genera are monotypic. For the purpose of this
book, the four leporid genera with coccidia
described from them bear mentioning. Lepus,
with 32 species, has nearly worldwide distribu-
tion (Chapter 5), but Sylvilagus, with 17 species,
is limited to the Americas (Chapter 7). The
monotypic Oryctolagus cuniculusmay be consid-
ered the most important lagomorph species,
with worldwide distribution and multiple
human associations as lab animals, pets, pests,
and sources of food and fur (see Chapters 1, 6),
while the monotypic Brachylagus idahoensis
(Chapter 4) may have the most restricted distri-
bution (Pacific Northwest, USA) and also may
be the most endangered lagomorph species
(Hoffmann and Smith, 2005).

Several Lepus species have a long historical
association with humans, and this has fostered
their economic and ecological importance
worldwide. Despite this, the evolution of hares
and jackrabbits has been poorly studied. They
lack a lot of morphological variation between
species, and this has resulted in numerous taxo-
nomic revisions throughout the last two centu-
ries (Flux, 1983; Halanych et al., 1999). Prior to
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a phylogenetic analysis (mitochondrial cyto-
chrome b gene data) of 11 of 32 (34%) Lepus
species by Halanych et al. (1999), only two prior
studies used molecular or biochemical analyses
to address the evolutionary history of Lepus;
Pérez-Suárez et al. (1994) used mitochondrial
DNA to look at speciation of four Mediterra-
nean hares, and Robinson and Osterhoff (1983)
documented protein variation and its system-
atic implications in three South African hares.
Halanych et al. (1999) provided the first phylo-
genetic framework for hares, but many of
their conclusions seem equivocal based on
work by subsequent authors. Their analysis
consistently demonstrated two species groups,
a western American clade and an arctic clade
that allied L. townsendii with the arctic species;
these results support previous groupings based
on morphology. Their data also supported the
view that species of Lepuswithin North America
(including Canada and Mexico) do not form
a monophyletic group, and the status of some
of these species needs to be reassessed.

Sylvilagus is the other large genus in the Lep-
oridae; these are called “cottontail” rabbits and
include 17 species that are distributed
throughout North (including Canada), Central
and South America, as far as northern Argentina
(Hoffmann and Smith, 2005). Several of these
species have become commercially important
(e.g., game animals) throughout their range,
and some may be considered threatened or
endangered (Halanych and Robinson, 1997). In
appearance, the majority of cottontails some-
what resemble the wild European rabbit,
O. cuniculus, the pygmy rabbit, B. idahoensis,
and several other rabbit genera; at one time,
several of these were synonymized by Hall
(1981) and treated as subgenera of Sylvilagus.
However, more rigorous morphological and
recent molecular studies have separated these
latter monotypic genera from Sylvilagus. Most
Sylvilagus species have a short stub tail, called
a scut, that is brown above, but with a white
underside that shows prominently when they

are fleeing, thus giving them their nickname
“cottontails.” The diversity cottontails lack in
morphology is compensated by great diversity
in habitat selection. Some, like S. floridanus, are
euryoecious because they can be found in
deserts, farmlands, prairies, swamps, wood-
lands, and in hardwood, rain and boreal forests,
while other species in the genus, for example
S. palustris and S. aquaticus, must be consid-
ered stenoecious, because they are narrowly
restricted to marshes or swamps and are limited
by the availability of water. All species are
terrestrial, although a few, such as S. nuttallii,
are sometimes said to be semiarboreal because
they climb into juniper trees to feed. At least
one species, S. palustris, swims extensively, but
all species probably can swim (Nowak, 1991).

Of the 12 extant lagomorph genera, only the
five identified above have been examined for
coccidia (Chapters 3e7).

PHYLOGENETIC
RELATIONSHIPS AND

HISTORICAL BIOGEOGRAPHY

Biogeography is the study of past and present
animal and plant distributions and diversity. It
is not our intent to cover the biogeography of
lagomorphs worldwide, but there are several
studies available on this subject that should set
the framework for much of what we know.
Also, there are a handful of modern studies on
their evolutionary history and/or molecular
phylogenetic analyses between and within
various genera that seem relevant. These will
allow us to provide a brief overview of some
of the patterns and processes across time and
space at the scales for which they are available,
in spite of the fact that the data are contradictory
in some instances. One should keep in mind
that all organisms may become distributed
temporally and geographically by two general
mechanisms, dispersal and vicariance. When
organisms disperse it means that they have
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moved across pre-existing barriers to create
their present distributions. Vicariant events are
those natural historic occurrences in Earth’s
history (e.g., uplifting of a mountain range)
that introduce barriers to an environment that
fragment or separate ancestral ranges of once
continuously distributed organisms.

The oldest eutherian mammals now are esti-
mated to have originated about 125 MYA, about
40e50MYolder than previously thought (Qiang
et al., 2002). From a paleontological perspective,
it was not clear whether the Lagomorpha origi-
nated in Asia or North America, and prior to the
work by Rose et al. (2008), the lagomorph fossil
record for the early and middle Eocene (54e45
MYA) was completely lacking. Dawson (1981)
was the first to postulate that the expansion of
Leporidae occurred in North America during
the Miocene, an idea supported by some fossil
discoveries also suggesting the family origi-
nated here (White, 1991; Voorhies and Timper-
ley, 1997; Matthee et al., 2004). However, Rose
et al. (2008) reported what may be the oldest
known record of Lagomorpha fossils from early
Eocene deposits (about 53 MYA) in west-central
India, a timeframe that is in agreement with an
earlier molecular study (Springer et al., 2003).
Thus, the lagomorphs have a long evolutionary
history, with the origin of the Ochotonidae and
Leporidae from a common lagomorph ancestor
extending back to at least the early Eocene in
Asia (Springer et al., 2003; Rose et al., 2008).
Phylogenetic analysis of molecular evidence
supports the fossil record suggesting such
a split (McKenna 1982; Douzery et al. 2003;
Asher et al. 2005).

Ochotonidae

Although Ochotonidae are thought to have
been more diverse during the Miocene (23e25
MYA), they currently are characterized by
a single genus, Ochotona, that includes only
about 30 extant species (Angermann et al.,
1990; Nowak, 1999; Yu et al., 2000; Hoffmann

and Smith, 2005); however, some of these
species are thought to have one or more subspe-
cies, with O. princeps, the American pika, con-
sisting of 36 (!) subspecies (Yu et al., 2000).
There is evidence in the fossil record that shows
that Ochotona-like forms first originated in
Asia (Rose et al., 2008), most likely spreading
subsequently to Europe and the Nearctic, via
Beringia, and undergoing a complex diversifi-
cation in the Nearctic, with representatives of
some clades transferring back and forth across
Beringia during times of glacial maxima
(2.5 MYAe11,000 years before present [YBP]).
One of these lines, the monotypic Prolagidae,
persisted until the late Pleistocene or early
modern times (~1 MYA) on Corsica and Sardi-
nia. Other ochotonid branches reached Africa
and North America. The extant genus Ochotona
appeared in Asia in the Pliocene (5e1.8 MYA)
and spread from there, reaching western Europe
and eastern North America in the Pleistocene,
about 1.8 MYA to 11,000 YBP (Yu et al., 2000).
The current range of the genus represents
a considerable reduction from that during the
Pleistocene. Approximately 28 Ochotona species
occur throughout Asia while only two, O.
princeps and O. collaris, are recognized from the
Nearctic.

Leporidae

The hares and rabbits have a nearly world-
wide distribution, but more than 70% of the
genera have geographically restricted distribu-
tions (Matthee et al., 2004). Despite a number
of attempts using morphological, cytogenetic,
and mitochondrial (mt) DNA evidence,
a rigorous phylogeny for the family remains
obscure. In an attempt to reach some resolution
for familial relationships, Matthee et al. (2004)
constructed a “molecular supermatrix” using
27 taxa, including all 11 leporid genera, that
analyzed five nuclear and two mitochondrial
gene fragments. One of the interesting observa-
tions from their study was that their analysis of
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each gene fragment separately, as well as the
combined mtDNA data, failed to provide good
statistical support for intergeneric relationships,
whereas the combined nuclear DNA topology
greatly increased phylogenetic resolution
among the leporid genera. Their analysis of
dispersal-vicariance events revealed a parsimo-
nious solution suggesting the current geo-
graphic distribution of leporids involved an
Asian or North American origin (their work
was before the discovery by Rose et al., 2008),
followed by at least nine dispersals and five
vicariant events. Of the dispersal events, at least
three were intercontinental exchanges between
North America and Asia (or vice versa) via the
Bering land bridge, three were independent
dispersals into Africa, and at least two
dispersals into South America (one by Lepus,
another by Sylvilagus) were identified (Matthee
et al., 2004). However, as far as we know,
there is no fossil or other evidence that species
of Lepus made it into South America in the
past. Their (2004) molecular clock analysis said
these dispersal events occurred ~14 to 8 MYA
(Miocene), when all the modern leporid genera
are thought to have originated. It is noteworthy
that tectonic events during the middle Miocene
epoch (~20 MYA) resulted in the formation of
land bridge connections between Eurasia and
North America (Kummel, 1970). Prior to that
time, global ice volume was relatively stable
and low from 26 to 15 MYA, thus isolating
Asia from North America (Zachos et al., 2001).
According to Matthee et al. (2004), the opening
up of the Bering land bridge during the middle
Miocene, ~15 MYA, allowed a leporid lineage
to be established in either North America
(descendants: Romerolagus, Lepus, Sylvilagus,
Brachylagus, Pentalagus, Caprolagus, Bunolagus,
Oryctolagus) or in Asia (descendants: Nesolagus,
Pronolagus, Poelagus). Within North America,
the leporid ancestor gave rise to two lineages
that diverged ~12.8 MYA: (1) Romerolagus;
and (2) the lineage comprising Lepus, Sylvilagus,
Brachylagus, Pentalagus, Caprolagus, Bunolagus,

and Oryctolagus. Between 11.8 and 10.3 MYA,
a second intercontinental exchange occurred
between Asia and North America (or vice versa)
and was followed by a vicariant event leaving
the ancestor of Sylvilagus and Brachylagus in
North America and causing the establishment
of ancestral Pentalagus, Caprolagus, Bunolagus,
and Oryctolagus in Asia (Matthee et al., 2004).
The "cottontail lineage" in North America later
colonized South America. It is noteworthy that
the pygmy rabbit, B. idahoensis, at the root of
this clade, clearly is distinct from the cottontails
(Sylvilagus), giving credence to its separate
generic status (Halanych and Robinson, 1997;
Matthee et al., 2004).

Resolving leporid evolutionary relationships
and history among genera is difficult with
conventional phylogenetic approaches, because
anatomical characters converge and chromo-
somal synapomorphies are absent (Matthee
et al., 2004). Early attempts at phylogenetic reso-
lution based on premolar tooth patterns were
the most definitive at that time (Dawson, 1958;
Hibbard, 1963). Later, Dawson (1981) incorpo-
rated nine of the 11 leporid genera (Poelagus,
Bunolagus not included) and concluded that
Nesolagus and Brachylagus were basal (most
primitive) sister taxa and the remaining leporid
genera were subdivided into three more recent
and contemporaneous evolutionary lineages:
(1) Pronolagus and Pentalagus as sister taxa; (2)
Lepus, Oryctolagus, Caprolagus, and Sylvilagus;
and (3) the monotypic Romerolagus diazi (Daw-
son, 1981). However, Kriegs et al. (2010), who
did phylogenetic reconstructions with retropo-
son insertions, said that only Pronolagus was
the sister group to the remaining leporids.
Following Dawson (1981), Corbet (1983) exam-
ined 21 morphological character states for 22
leporid species (including all genera) and
concluded there is considerable homoplasy in
leporid morphology. Likewise, the analysis of
partial sequences of two mitochondrial genes
(cytochrome b and 12S rRNA; Halanych and
Robinson, 1999) failed to fully resolve the
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phylogenetic relationships among most genera,
leading those authors to conclude that most
genera originated contemporaneously, approxi-
mately 12 to 16 MYA. About the same time, Su
and Nei (1999) suggested that this date was
closer to 20 MYA. Cross-species chromosome
painting by Robinson et al. (2002) showed that
the numerous chromosomal rearrangements
that characterize the karyotypes of many of the
extant leporid genera are autapomorphic, and
these probably arose as a result of a combination
of low population numbers and founder events.
The failure of the chromosomal data to provide
markers that track descent from common
ancestry, particularly at the intergeneric level,
was thought to reflect the group’s rapid radia-
tion, thus mirroring the pattern suggested by
the mtDNA sequence data.

Lepus

Hibbard (1963) proposed that Lepus first
arose in North America based on the fossil
evidence of his time, implying that hares radi-
ated to other continents (Halanych et al., 1999).
However, the recent fossil data by Rose et al.
(2008) confounds Hibbard’s argument, suggest-
ing that the ancestors of modern-day lago-
morphs had an Asian origin. Hibbard (1963)
also wrote, "the genus Lepus has arisen from
both pro-Sylvilagus and Oryctolagus instead of
from just one of the stocks," but the molecular
phylogeny of Matthee et al. (2004) suggested
the divergence of Lepus predated the develop-
ment of the Sylvilagus/Oryctolagus clade, ~10.3
MYA, placing the divergence of Lepus at ~11.8
MYA. It’s been suggested that the Lepus radia-
tion coincided with the opening of temperate
grasslands, which facilitated the development
of precocial young and other adaptations suit-
able for an open habitat (larger body size, strong
hind legs; Corbet, 1986; Yamada et al., 2002).

The limited data provided by Halanych et al.
(1999) suggest that North American Lepus
species do not form a monophyletic clade to
the exclusion of other hares, whereas Kriegs

et al. (2010), using retroposon insertions, argued
that since “one orthologous CSINE3 element
and one 17-nt deletion were found in all Lepus
species, but not in other Leporidae,” Lepus was
a monophyletic genus. Halanych et al.’s (1999)
conclusions were based on phylogenies con-
structed frommitochondrial cytochromeb genes
which showed L. townsendii, L. arcticus, and
L. othus in a clade separate from the remaining
North American taxa. The placement of Old
World taxa at the base of and within the arctic
clade suggested to them that some hares
invaded North America secondarily, perhaps
via the Bering land connection. In contrast, L.
americanus, which ranges across the high lati-
tudes of the continental USA, Canada, and
Alaska, is more closely related to taxa from
the southwestern USA and Mexico (L. alleni,
L. californicus, L. callotis) than to the arctic clade
(Matthee et al., 2004). In addition, Halanych
et al. (1999) noted deep divergence between
Lepus species pairs that hybridize in the wild
(e.g., L. timidus, L. europaeus). Hybridization
between more distantly related species allowed
Halanych et al. (1999) to argue that isolation
mechanisms (e.g., geographic, behavioral, or
ecological) may be driving speciation within
Lepus and that the known lack of chromosomal
diversity within Lepus points to mechanisms
of speciation that do not invoke the chromo-
somal models suggested for other mammals
(Halanych et al., 1999; Matthee et al., 2004).

Sylvilagus

Halanych and Robinson (1997) examined the
evolutionary history of the genus Sylvilagus
using sequence data from the mitochondrial
12S rDNA gene, which they felt was particu-
larly reliable and effective for determining inter-
specific relationships and relatively recent
evolutionary events in these mammals. Their
12S data supported earlier arguments by
Green and Flanders (1980) and Corbet (1983)
for the separate generic status of Sylvilagus and
also indicated separate generic status (sister
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taxon) for the pygmy rabbit, B. idahoensis, based
on sequence divergence values and genetic dis-
tance. They also noted that taxa that are geo-
graphically adjacent also are phylogenetically
closely related (e.g., S. palustris, marsh rabbit
and S. aquaticus, swamp rabbit). Their finding
suggests that recent vicariance events might
explain the diversification of several Sylvilagus
lineages.

Oryctolagus

Research based on mitochondrial DNA poly-
morphism (Monnerot et al., 1994) ofO. cuniculus
has shown that all European rabbits carry
common genetic markers and descend from

one of two maternal lines. According to the
theory proposed by Monnerot et al. (1994), these
lines originated between approximately 6.5
MYA and 12,000 YBP when glaciers isolated
them into two groups; one on the Iberian Penin-
sula and the other in Mediterranean France.
Paleontologic data support the origin of the
genus Oryctolagus in southern Spain, 6e6.5
MYA (Lopez-Martinez, 1989). However, it
would be useful to have a more exhaustive anal-
ysis of genetic diversity using different markers
to completely support their proposed hypoth-
esis. Thus, it is believed that O. cuniculus is
a native of southwestern Europe and north-
western Africa.
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INTRODUCTION

According to Hoffmann and Smith (2005), the
Ochotonidae is monogeneric, consisting only of
the genus Ochotona, and its species have been
called a variety of common names including
pikas, rock rabbits, and others by many different
authors (Yu et al., 2000; Holtcamp, 2010). Pikas
are Holarctic lagomorphs consisting of about
30 species, but only two are found in North
America, while the remainder occur in Asia
(see Chapter 2; Chapman and Flux, 1990; Hoff-
mann and Smith, 2005). Although they are
remarkably similar in size, morphology, and
body mass, Yu et al. (2000) divided the genus
into three groups based on molecular
sequencing, but the placement of species within
these groups is still a matter of debate among
mammalogists. Even less is known about the
parasites of these hosts, especially their cocci-
dian parasites. To wit, only about a dozen papers
are published documenting the presence of
coccidia in pikas and these described 17 Eimeria
and two Isospora species, some of questionable
validity, in seven Ochotona species (see Yi-Fan
et al., 2009). All the information known about
these 19 coccidian “species” is presented, below.

Oocyst and sporocyst structural characters used
in this chapter follow the convention established
earlier (Wilber et al., 1998; Duszynski and Upton,
2009) and now used by most journals for species
descriptions; these characters are abbreviated
throughout as follows: oocyst and sporocyst
length (L), width (W) and ratio (shape index)
(L/W), oocyst (OR) and/or sporocyst (SR)
residuum, polar granule (PG), micropyle (M),
micropyle cap (MC), Stieda body (SB), substieda
body (SSB), parastieda body (PSB), refractile
body (RB), nucleus (N), and sporozoites (SZ).

FAMILY OCHOTONIDAE
THOMAS, 1897

HOST GENUS OCHOTONA
LINK, 1795

EIMERIA BALCHANICA
GLEBEZDIN, 1978

Type host:Ochotona rufescens (Gray, 1842) (syn.
Lagomys rufescens), Afghan pika.

Type locality: ASIA: Russia: Turkmen, Kara-
Kalinski region, Bolshoi Balkhan.

FIGURE 3.1 The American pika, Ochotona princeps

(Richardson, 1828).

FIGURE 3.2 Line drawing of the sporulated oocyst of
Eimeria balchanica (original) redrawn from Glebezdin, 1978.
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Other hosts: None reported to date.
Geographic distribution: ASIA: Russia: Turk-

men, Kara-Kalinski region, Bolshoi Balkhan.
Description of sporulated oocyst: Oocyst shape:

ovoidal, flattened on top; number of walls: 1;
wall characteristics: rough, yellowish; L � W:
26.5 � 20.9 (25e31 � 20e25); L/W ratio: 1.3
(1.2e1.3); M: present; OR, PG: both absent.
Distinctive features of oocyst: shape and lack
of both OR and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L �W: 11.5 � 8.7 (11e14 �
8e11); L/W ratio: 1.3; SB: not mentioned, but
absent in original drawing; SSB, PSB: both absent;
SR: present; SR characteristics: small granules
lying between SZ; SZ not described, but in Gle-
bezdin’s (1978) line drawing they appear blunt
and lie at opposite ends of the sporocyst. Distinc-
tive features of sporocyst: blunt-appearing SZ.

Prevalence: In 3/28 (11%) specimens of the
type host.

Sporulation: Sporulation time unknown.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Exogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Remarks:There are 11Eimeria species described

frompikaswithoocysts that have aM, in addition
to this species:E. barretti,E. calentinei,E. circumbor-
ealis, E. cryptobarretti (?), E. erschovi, E. haibeiensis,
E. klondikensis, E. metelkini, E. ochotona, E. prince-
psis (?), and E. qinghaiensis. Of these, sporulated
oocysts of E. balchanica are closest in size to those
of E. calentinei and E. circumborealis, but differ
from the former by having a rough outer wall,
a less defined M, lacking an OR, which E. calenti-
nei possesses, and by having sporocysts without
distinct SBs; they differ from the latter by having
a rough outer wall, which E. circumborealis lacks,
a less well-defined M, and by having sporocysts
without distinct SBs. This species has not been
seen since its original description.

EIMERIA BANFFENSIS LEPP,
TODD & SAMUEL, 1973

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: Canada:
Alberta, Banff, Sheep River area, 51�N, 115�W.

Other hosts: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika; Ochotona
curzoniae (Hudgson, 1858), Plateau pika; Ocho-
tona hyperborea (Pallas, 1811), Northern pika.

Geographic distribution: NORTH AMERICA:
Canada: Alberta, Banff, Sheep River area, near
Jumpinground and Sibbald Creeks, 51�N,
115�W (Hobbs and Samuel, 1974); Yukon Terri-
tory, Ogilvie Mountains, 64�N, 138�W (Hobbs
and Samuel, 1974); USA: Colorado, Clear Creek
and Larimer Counties (Duszynski and Brunson,
1972; Duszynski, 1974); ASIA: Japan, Hokkaido,
Daisetzusan National Park (Hobbs and Samuel,
1974); Russia: Siberia, Providenya Oblast, Ana-
dyr River (Lynch et al., 2007); People’s Republic
of China: Qinghai Province, Haibei Alpine
Meadow Ecosystem Research Station, Chinese
Academy of Sciences, 37�360N, 101�180E; alti-
tude 3,205 m (Yi-Fan et al., 2009).

FIGURES 3.3, 3.4 Line drawing of the sporulated
oocyst of Eimeria banffensis from Lepp et al., 1973, with
permission of John Wiley & Sons. Photomicrograph of
a sporulated oocyst of E. banffensis copied from Duszynski
and Brunson, 1973, with permission of the Journal of

Parasitology.
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Description of sporulated oocyst: Oocyst shape:
spheroidal to subspheroidal; number of walls:
2; wall thickness: 2.0e2.5; wall characteristics:
outer is rough, pitted, brown, ~3/4 total thick-
ness; inner is dark green; L � W: 29.8 � 25.2
(27e32 � 24e28); L/W ratio: 1.2 (1.0e1.4); M,
OR: both absent; PG: present, one, ~2.0e2.5
wide. Distinctive features of oocyst: lack of
OR, thick rough wall, and relatively large PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 13.0 � 9.6 (10e15
� 8e12); L/W ratio: 1.4 (1.0e1.7); SB, SSB: both
present; PSB: absent; SR: present; SR characteris-
tics: granular, spread throughout sporocyst; SZ:
arranged lengthwise in sporocyst, with one
large posterior RB and a smaller one anterior,
and arranged transverse to long axis of SZ.
Distinctive features of sporocyst: presence of
SB and SSB, and arrangement of RB in SZ.

Prevalence: In 6/34 (17%) O. princeps from
Alberta (Lepp et al., 1973), and Hobbs and
Samuel (1974) found it in 9/111 (8%) O. princeps
on talus slopes in southwestern Alberta (51�N,
115�W); 5/92 (5%) O. collaris in Yukon Territory
(Hobbs and Samuel, 1974); 21/52 (40%) O. cur-
zoniae in China (Yi-Fan et al., 2009); 3/14 (21%)
O. hyperborea in Japan (Hobbs and Samuel,
1974); 5/35 (14%)O. hyperborea in Siberia (Lynch
et al., 2007); and in 40/167 (24%) O. princeps in
Colorado (Duszynski and Brunson, 1973; Dus-
zynski, 1974).

Sporulation: Exogenous. Oocysts sporulated
within 72 hr in 2.5% (w/v) aqueous K2Cr2O7

solution at 30�C (Duszynski and Brunson, 1973).
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces and intestinal contents.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Excystation: SZs of this species did not excyst

when excysting fluid (trypsin-sodium tauro-
cholate, pH 7.5) was added to oocyst/sporocyst
suspensions. The optical density of the sporo-
cyst wall changed, but then the SB and

sporocyst contents became indistinct and
apparently dissolved within 60 min after addi-
tion of the excysting fluid (Duszynski and
Brunson, 1973).

Material deposited: Skull, skeleton and tissues
of a symbiotype host of O. hyperborea are
preserved in the University of Alaska Museum
of the North (UAM), No. 84368 (IF 5252), male,
11 August 2002, collected by N.E. Dokuchaev
and A.A. Tsvetkova. Photosyntype of sporu-
lated oocysts are in the U.S. National Parasite
Collection (USNPC), Beltsville, MD, No. 87390
(Lynch et al., 2007). Skull and skin of the sym-
biotype host of O. curzoniae are preserved in
the Qinghai-Tibet Plateau Biological Specimen
Museum (QPBSM), No. 0006870, male, 16
September 2008. Photosyntypes of a sporulated
oocyst in the Key Laboratory of Adaptation and
Evolution of Plateau Biota (KLAEPB), No. 08094
(Yi-Fan et al., 2009).

Remarks: This species was first described
fromO. princeps by Lepp et al. (1973). Duszynski
and Brunson (1973) believed that oocysts
collected from O. princeps in Colorado also
were this species, but their oocysts differed
slightly by being ~2 mm smaller overall and by
lacking a PG; the oocysts they measured were
27.6 � 23.3 (23e34 � 18e25), but the L/W ratio
was still 1.2. Their sporocysts also were slightly
smaller, 12.5 � 8.5 (10e16 � 7e10), but with a
L/W ratio of 1.5 vs. 1.35 in the original descrip-
tion. The size of the sporulated oocysts of
E. banffensis from O. curzoniae in China (Yi-Fan
et al., 2009) also were slightly smaller than those
in the original description, 25.6 � 21.2 (21e29 �
14.5e28) vs. 29.8 � 25.2 (27e32 � 24e28),
respectively; however, the L/W ratios were
the same (1.2). Similarly, the sporocysts in the
Plateau pika also were slightly smaller, 11.9 �
8.3 (8e15 � 6e10) vs. 13.0 � 9.6 (10e15 �
8e12), respectively, but the L/W was the same
(1.4 vs. 1.35, respectively). We attribute these
minor size variations to the difference between
host species. However, oocysts collected from
O. collaris in the Yukon Territory of Canada
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(Hobbs and Samuel, 1974) and those from
O. hyperborea in Siberia, Russia (Lynch et al.,
2007), did not differ much when compared
with the original description of Lepp et al. (1973).

EIMERIA BARRETTI LEPP,
TODD & SAMUEL, 1972

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: Canada:
Alberta, Plateau Mountain in the Crowsnest
Forest, 50�120N, 114�300W.

Other hosts: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika.

Geographic distribution: NORTH AMERICA:
Canada: Alberta, Plateau Mountain in the
Crowsnest Forest, 50�120N, 114�300W; Sheep
River area in Bow River Forest, 50�360N,
114�500W (Lepp et al., 1972) and talus slopes in
SW Alberta, 51�N, 115�W; Yukon Territory,
Ogilvie Mountains 64�N, 138�W (Hobbs and
Samuel, 1974).

Description of sporulated oocyst: Oocyst shape:
ellipsoidal to slightly ovoidal; number of walls:
2; wall thickness: 3; wall characteristics: outer
is smooth, light brown, ~2/3 of total thickness;
inner is dark brown; L � W: 32.9 � 23.8
(27e36 � 21e27); L/W ratio: 1.4 (1.2e1.6); M:
present; M characteristics: a thinning of outer
oocyst wall, 5e7 wide, slightly flattened; MC:
reported in a few oocysts, ~3 � 3, but not shown
in original line drawing by Lepp et al. (1972) nor
in the line drawing and photomicrograph by
Hobbs and Samuel (1974); OR: absent; PG:
present, one, ~4 wide. Distinctive features of
oocyst: lack of OR and thick smooth wall with
M and, presumably, a MC.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 12.6 � 8.8 (9e15 �
6e12); L/W ratio: 1.5 (1.3e1.7); SB: present as
small knob-like structure; SSB, PSB: both absent;
SR: present; SR characteristics: diffuse and gran-
ular; SZ: arranged diagonally, each with one RB.
Distinctive features of sporocyst: diffuse SR and
arrangement of SZ in sporocyst.

Prevalence: Not stated in original description,
but in 5/92 (5%) O. collaris and 8/111 (7%) O.
princeps (Hobbs and Samuel, 1974).

Sporulation: Oocysts were sporulated when
examined, but sporulation time is unknown
because of the method used. Feces collected
from the rectum or cloaca were kept in 2.5%
(w/v) aqueous K2Cr2O7 solution at air tempera-
ture (1e25�C) for 1e5 hr in the field, then at 4�C
in the refrigerator for an unspecified time;
finally, they were later placed in Petri dishes at
19�C in the dark for at least 10 days before
they were examined.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces and colon contents.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Etymology: This species was named for

Richard E. Barrett, Alaska State Federal

FIGURES 3.5, 3.6 Line drawing of the sporulated
oocyst of Eimeria barretti from Lepp et al., 1972, with
permission of the Journal of Protozoology. Photomicrograph
of a sporulated oocyst of E. barretti from Hobbs and Samuel,
1974, with permission of the Canadian Journal of Zoology.
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Laboratory, Animal Health Division, Palmer,
Alaska, USA.

Remarks: In their original description of E.
barretti, Lepp et al. (1972) archived a line
drawing of a sporulated oocyst (their Fig. 2
and the one we use here) that is slightly ellip-
soidal and slightly flattened on one end, but it
did not show either a M or a MC. However,
their written description said, “The micropyle
was characterized by a thinning of the oocyst
wall and was 5e7 mm in diameter. A micropyle
cap about 3 by 3 mm was present in a few
oocysts” and, “The oocyst wall was smooth,
approximately 3 mm thick.” They also said
that a prominent PG, ~4 mm, was present in
sporulated oocysts. Unfortunately, they did
not provide a photomicrograph of a sporulated
oocyst.

In their redescription of E. barretti, however,
Hobbs and Samuel (1974) reported the oocysts
they measured were 29.0 � 20.1 (23e32 �
17e24), with L/W 1.4 (1.2e1.6) and sporocysts
were 14.5 � 7.6 (12e20 � 7e8), with L/W 1.9
(1.6e2.5). They also stated that a PG was absent.
Finally, their line drawing (their Fig. 4) showed
a distinct M, which their description said was
“indistinct,” they did not mention the presence
of a MC, and their photomicrograph (their
Fig. 8) was distinctly ellipsoidal vs. the “slightly
ovoid” reported by Lepp et al. (1972). Given
these discrepancies, it seems to us that Hobbs
and Samuel (1974) would have been prudent
to give the form they redescribed as E. barretti
a new species name, rather than comingle the
mensural data they reported with the parame-
ters that defined the original E. barretti of Lepp
et al. (1972). We considered naming their form
(Hobbs and Samuel, 1974) as a new species,
but there is so much discrepancy between the
line drawings, written descriptions, and the
one photomicrograph presented in the rede-
scription of E. barretti (Lepp et al., 1972; Hobbs
and Samuel, 1974), that sorting out what they
said and what they meant was impossible for
us to determine.

Of the 11 eimerian species described from
pikas with oocysts that have a M, in addition
to this species (see Remarks under E. balchanica),
the sporulated oocysts of E. barretti are closest in
size to those of E. cryptobarretti, but differ by
having a smooth outer wall vs. the rough outer
wall of the latter.

EIMERIA CALENTINEI
DUSZYNSKI & BRUNSON, 1973

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer County, Crown Point, alt.
3,666e3,833 m.

Other hosts: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika; Ochotona
curzoniae (Hudgson, 1858), Plateau pika; Ocho-
tona hyperborea (Pallas, 1811), Northern pika.

Geographic distribution: NORTH AMERICA:
Canada: Yukon Territory, Ogilvie Mountains,
64�N, 138�W (Hobbs and Samuel, 1974); Alberta,
51�N, 115�W (Hobbs and Samuel, 1974); USA:

FIGURES 3.7, 3.8 Line drawing of the sporulated
oocyst of Eimeria calentinei, with permission of the Journal of

Parasitology. Photomicrograph of a sporulated oocyst of
E. calentinei (original).

3. COCCIDIA FROM OCHOTONA30



Alaska, Yukon-Charley Rivers National Preserve
(Lynch et al., 2007); Colorado, Clear Creek and
Larimer Counties (Duszynski and Brunson,
1973; Duszynski, 1974); ASIA: Japan, Hokkaido,
Daisetzusan National Park (Hobbs and Samuel,
1974); Russia: Siberia, Omolon River basin, Prov-
idenya Oblast (Lynch et al., 2007); People’s
Republic of China: Qinghai Province, Haibei
Alpine Meadow Ecosystem Research Station,
Chinese Academy of Sciences, 37�360N,
101�180E; alt. 3,205 m (Yi-Fan et al., 2009).

Description of sporulated oocyst: Oocyst shape:
ovoidal, widest in the middle and tapering
toward theM; number of walls: 2; wall thickness
~2; wall characteristics: outer is yellow, smooth,
of irregular thickness, ~1, thinnest at end oppo-
site M and thickest on sides and around margin
of M; inner is orange, of uniform thickness; L �
W (N ¼ 50): 28.5 � 20.0 (26e32 � 18e23); L/W
ratio: 1.4 (1.3e1.7); M: present; M characteristics:
distinct, 4.4 (3e7) wide; OR: present; OR charac-
teristics: well-defined, spheroidal, 3e6 wide;
PG: absent. Distinctive features of oocyst:
distinct M and a well-defined OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 12.0 � 7.4 (10e14
� 6e9); L/W ratio: 1.6 (1.4e2.0); SB: present as
distinct knob; SSB, PSB: both absent; SR: present;
SR characteristics: granular, diffuse to sphe-
roidal; SZ: banana-shaped (N ¼ 10), 18e21 �
2, folded and tightly packed in sporocyst with
one large posterior RB and N located anterior
to RB in center of SZ. Distinctive features of
sporocyst: knob-shaped SB and structure of SZ.

Prevalence: In 5/53 (9%) O. collaris in Alaska
(Lynch et al., 2007); 8/92 (9%) O. collaris in the
Yukon Territory (Hobbs and Samuel, 1974);
21/52 (40%) O. curzoniae in China (Yi-Fan
et al., 2009); 2/35 (6%) O. hyperborea in Siberia
(Lynch et al., 2007); 1/14 (7%) O. hyperborea in
Japan (Hobbs and Samuel, 1974); 2/111 (2%)
O. princeps in Alberta (Hobbs and Samuel,
1974); and in 39/167 (23%) O. princeps in Colo-
rado (Duszynski and Brunson, 1973; Duszynski,
1974).

Sporulation: Exogenous. Oocysts sporulated
after 72 hr in 2.5% (w/v) aqueous K2Cr2O7 solu-
tion at 30�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Excystation: SZ became active from 30 sec to

12 min after excysting solution (trypsin-sodium
taurocholate, pH 7.5) reached the sporocyst.
After 2 min of exposure, the SB changed in
optical density, quickly became indistinct, and
disappeared while the sporocyst wall became
transparent. About 2 min after activity started,
SZs began to excyst. Excystation occurred less
rapidly than in I. marquardti (Duszynski and
Brunson, 1972) and E. cryptobarretti (Duszynski
and Brunson, 1973). Each SZ would probe the
area of the SB, protrude its anterior (pointed)
end through the opening and then withdraw
into the sporocyst. This process was repeated
many times; each time the SZ would progress
farther out of its sporocyst. When only the
most posterior part of the SZ (containing the
large RB) remained in the sporocyst, the SZ
would gyrate as if attempting to free itself. In
only one instance did Duszynski and Brunson
(1973) see a SZ excyst completely.

Material deposited: Skin, skull, skeleton, and
tissues of two symbiotype hosts, O. collaris
from Alaska, and O. hyperborea from Russia,
are preserved in the University of Alaska
Museum of the North (UAM): O. collaris, UAM
No. 58399 (AF 49333), male, 1 August 2001,
collected by H. Henttonen, J. Niemimaa, K.
Gamblin, and L.B. Barrelli; and O. hyperborea,
UAM No. 80824 (AF 38535), 4 September 2000,
collected by S.O. MacDonald, N.E. Dokushaev,
and K.E. Galbreath. Photosyntype of a sporu-
lated oocyst in the USNPC, Beltsville, MD, No.
87393. Skull and skin of a symbiotype host of
O. curzoniae in China (Yi-Fan et al., 2009) are
preserved in the Qinghai-Tibet Plateau
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Biological Specimen Museum (QPBSM), No.
0006871, male, 17 September 2008. A photosyn-
type of a sporulated oocyst is in the Key Labora-
tory of Adaptation and Evolution of Plateau
Biota (KLAEPB), No. 08096.

Etymology: This species was named for Dr.
Robert L. Calentine, Wisconsin State University,
River Falls, WI, USA, for his many contributions
to parasitology, for mentoring one of us (DWD),
and for a life devoted to teaching and research
on the cestodes of fish.

Remarks: This species was first described
from O. princeps by Duszynski and Brunson
(1973) in Colorado, USA. Later it was found
from other hosts, including O. collaris from
the Yukon Territory, Canada, O. hyperborea
from Japan and Russia, and O. princeps from
Alberta, Canada (see Lynch et al., 2007). The
size of the sporulated oocysts of E. calentinei
from O. curzoniae in China (Yi-Fan et al.,
2009) was slightly smaller than those in the
original description, 25.5 � 17.9 (24e28 �
17e21) vs. 28.5 � 20.0 (26e32 � 18e23), respec-
tively; however, the L/W ratios were the same
(1.4). Similarly, the sporocysts in the Plateau
pika also were slightly smaller, 10.9 � 6.5
(10e12 � 6e7) vs. 12.0 � 7.4 (10e14 � 6e9),
respectively, but their L/Ws were similar (1.6
vs. 1.7, respectively). All other qualitative
features of the sporulated oocysts were iden-
tical; thus, these minor size variations are
attributed to the difference between host
species (Yi-Fan et al., 2009). The sporulated
oocysts from O. hyperborea from Russia, and
from O. collaris from Alaska, were nearly iden-
tical to those described by Duszynski and
Brunson (1973) from O. princeps in Colorado.

Of the 11 eimerian species described from
pikas with oocysts that have a M, in addition
to this species (see Remarks under E. balchanica),
the sporulated oocysts of this species differ from
those of E. barretti in oocyst size and shape, in
the structure and thickness of the oocyst wall,
in lacking a PG, and in having an OR. They
differ from those of E. erschovi in oocyst size

and shape, in the structure and thickness of
the oocyst wall, and in having larger sporocysts.
They differ from those of E. metelkini in oocyst
size and shape, in having a two-layered wall,
and in the size and shape of the sporocysts.
They differ from those of E. ochotona in oocyst
size and shape, in having a two-layered wall,
and in having considerably larger sporocysts
which have a SR. However, as Hobbs and
Samuel (1974) correctly point out, accurate line
drawings and photomicrographs of the Asian
pikas’ coccidia (e.g., E. erschovi, E. daurica, E.
metelkini, etc.) are needed before conclusions
can be drawn on the validity of these latter
species.

EIMERIA CIRCUMBOREALIS
HOBBS & SAMUEL, 1974

Type host: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika.

Type locality: NORTH AMERICA: Canada:
YukonTerritory,OgilvieMountains, 64�N138�W.

Other hosts: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American

FIGURES 3.9, 3.10 Line drawing of the sporulated
oocyst of Eimeria circumborealis from Hobbs and Samuel,
1974, with permission of the Canadian Journal of Zoology.
Photomicrograph of a sporulated oocyst of E. circumborealis

from Hobbs and Samuel, 1974, with permission of the
Canadian Journal of Zoology.
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pika; Ochotona hyperborea (Pallas, 1811),
Northern pika.

Geographic distribution: NORTH AMERICA:
Canada: Yukon Territory, 64�N 138�W; talus
slopes in southwestern Alberta, 15�N 115�W;
ASIA: Japan: Hokkaido, Daisetzusan National
Park.

Description of sporulated oocyst: Oocyst shape:
ellipsoidal to subspheroidal; number of walls: 2;
wall thickness: ~2; wall characteristics: smooth;
L �W: 26.6 � 20.2 (21e34 � 15e23); L/W ratio:
1.3 (1.1e1.8); M: present; M characteristics:
slightly flattened area in outer wall layer with
opening in inner wall; OR: absent; PG: present
as many, tiny diffuse granules that seem to
congregate under M. Distinctive features of
oocyst: lack of OR and diffuse, tiny PGs underM.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 13.4 � 8.2 (10e16
� 6e9); L/W ratio: 1.6 (1.3e1.9); SB: present as
nipple-like structure at pointed end of sporo-
cyst; SSB, PSB: both absent; SR: present; SR char-
acteristics: compact mass of granules that
appear to be membrane-bound; SZ: with one
end narrower than the other and each with
two RB, one anterior and the second one poste-
rior to N. Distinctive features of sporocyst: SZ
with two RB, one at each end of SZ.

Prevalence: In 7/92 (8%) specimens of the type
host; 9/111 (8%) O. princeps; and in 10/14 (71%)
O. hyperborea (Hobbs and Samuel, 1974).

Sporulation: Oocysts were sporulated when
examined, but sporulation time is unknown
because of the method used. Feces collected
from the rectum or colon were kept in 2.5%
(w/v) aqueous K2Cr2O7 solution at air tempera-
ture (1e25�C) for 1e5 hr in the field, then at 4�C
in the refrigerator for an unspecified time;
finally they were later placed in Petri dishes at
19�C in the dark for at least 10 days before
they were examined.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.

Cross transmission: None.
Pathology: Unknown.
Material deposited: None.
Remarks: Of the 11 eimerian species described

frompikaswithoocysts that haveaM, inaddition
to this species (see Remarks under E. balchanica),
the sporulated oocysts of E. circumborealis are
similar in size only to those of E. barretti, E. calen-
tinei, E. erschovi, and E. metelkini, but differ from
them by having the characteristic diffuse PGs
(diffuse OR granules?) concentrated near the M.
It differs from E. erschovi only in sporocyst size
and the presence of a PG. Since the PG (OR?)
granules here is/are diffuse, they may have
been overlooked, or regarded as wrinkles of the
inner oocyst wall in E. erschovi described earlier
(Hobbs and Samuel, 1974).

EIMERIA CRYPTOBARRETTI
DUSZYNSKI & BRUNSON, 1973

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer County, Crown Point, altitude
3,666e3,833 m.

Other hosts: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika; Ochotona
curzoniae (Hudgson, 1858), Plateau pika; Ocho-
tona hyperborea (Pallas, 1811), Northern pika.

Geographic distribution: NORTH AMERICA:
USA: Colorado, Clear Creek and Larimer
Counties (Duszynski and Brunson, 1973; Dus-
zynski, 1974); Alaska, Wrangell-St. Elias
National Park (Lynch et al., 2007), Yukon-
Charley Rivers National Preserve, mountain-
side NW of Headwater Lake of Crescent Creek,
64�820N, 143�750W (Lynch et al., 2007); ASIA:
Russia: Siberia, Magadanskaya Oblast, mouth
of Kegali River, 64�260N, 161�470E (Lynch et al.,
2007); People’s Republic of China: Qinghai
Province, Haibei Alpine Meadow Ecosystem
Research Station, Chinese Academy of Sciences,
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37�360N, 101�180E; alt. 3,205 m (Yi-Fan et al.,
2009).

Description of sporulated oocyst: Oocyst shape:
ellipsoidal; number of walls: 2; wall thickness:
~2.1; wall characteristics: outer is brown, rough,
~1 thick, and usually has debris clinging to it;
inner is smooth; L � W (N ¼ 200, 21e27 from
each of eight hosts): 29.8 � 20.6 (24e35 �
18e22); L/W ratio: 1.5 (1.3e1.8); M: may be
present; M characteristics: when outer layer of
wall is broken, the smooth inner layer is slightly
flattened and thinner at one end, giving the
appearance of a M; OR, PG: both absent.
Distinctive features of oocyst: lack of OR and
PG and possibility of an indistinct M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal, but pointed at end oppo-
site SB; L �W: 15.2 � 8.4 (13e18 � 7e11); L/W
ratio: 1.8 (1.5e2.1); SB: present; SSB, PSB: both
absent; SR: present; SR characteristics:
a compact, spheroidal mass, but sometimes as
diffuse granules; SZ (N ¼ 10): banana-shaped,
15.2 � 2.5 (13.5e17 � 2e3.5), with one large
posterior RB and a smaller one just anterior to
it. Distinctive features of sporocyst: shape of
sporocyst with pointed end opposite the SB.

Prevalence: In 17/30 (57%) and 90/137 (67%)
O. princeps in Colorado (Duszynski and

Brunson, 1973; Duszynski, 1974, respectively);
6/53 (11%) O. collaris in Alaska (Lynch et al.,
2007); 14/52 (27%) O. curzoniae in China (Yi-
Fan et al., 2009); and in 5/35 (14%) O. hyperborea
in Siberia (Lynch et al., 2007).

Sporulation: Exogenous. Oocysts sporulated
within 72 hr in 2.5% aqueous (w/v) K2Cr2O7

solution at 30�C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Excystation: The SZ began active movement

1e10 min after the excysting fluid (trypsin-
sodium taurocholate, pH 7.5) reached the sporo-
cysts. This activity varied in intensity from rapid
to slow and was interrupted by moments of
complete inactivity. Before SZ activity began, the
SB disappeared. As the SZs began moving, the
sporocyst wall became increasingly transparent.
Just before SZs excysted, the SR “exploded”
and, immediately thereafter, each SZ rapidly left
the sporocyst. It is uncertain whether excystation
was triggered by the fragmenting SR or whether
this fragmentation resulted from a rapid change
in pressure within the sporocyst forcing the SZs

FIGURES 3.11, 3.12, 3.13 Line drawing of the sporulated oocyst of Eimeria cryptobarretti from Duszynski and Brunson,
1973, with permission of the Journal of Parasitology. Photomicrograph of a sporulated oocyst of E. cryptobarrettiwith the rough
outer wall beginning to separate from the smooth inner wall (original). Photomicrograph of a sporulated oocyst of
E. cryptobarretti showing smooth wall after rough outer wall has been removed (original).
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out. After excystation, only the transparent wall
of the sporocyst remained. Total time to complete
excystation was 15e60 min after addition of the
excysting fluid.

Material deposited: Skull, skin, skeleton, and
tissues of two symbiotype hosts, O. collaris and
O. hyperborea, are preserved in the University
of Alaska Museum of the North (UAM): O. col-
laris, UAM No. 58213 (AF 49535), 18 July 2001,
collected by H. Henttonen, J. Niemimaa, K.
Gamblin, and L.B. Barrelli; and O. hyperborea,
UAM No. 80603 (AF 38233), male, 19 August
2000, collected by S.O. MacDonald, N.E. Doku-
chaev, and K.E. Galbreath. Photosyntype and
photoparatype of sporulated oocysts are in the
USNPC, Nos. 87480 and 88170, respectively
(Lynch et al., 2007). Skull and skin of one O. cur-
zoniae, another symbiotype host, are preserved
in the Qinghai-Tibet Plateau Biological Spec-
imen Museum (QPBSM), No. 0006873, female,
16 September 2008. Photosyntype of a sporu-
lated oocyst is in the Key Laboratory of Adapta-
tion and Evolution of Plateau Biota (KLAEP),
No.08098 (Yi-Fan et al., 2009).

Etymology: When the rough, outer oocyst wall
was removed, Duszynski and Brunson (1973)
noticed that the oocysts of this species closely
resemble those of E. barretti, as drawn by Lepp
et al. (1972). Thus, the prefix crypto- (L., hidden)
was added to barretti when they named their
new species.

Remarks: This species was first described from
O. princeps in Colorado, USA, by Duszynski and
Brunson (1973) and Duszynski (1974). Later it
was found in O. collaris from Alaska, USA, and
in O. hyperborea from Siberia, Russia, and Lynch
et al. (2007) said that oocysts from both of these
hosts were similar to those in the original
description (Duszynski and Brunson, 1973). The
sporulated oocysts of E. cryptobarretti from O.
curzoniae (Yi-Fan et al., 2009) were smaller than
those in the original description fromO. princeps,
26.0 � 18.7 (25e31 � 16e26) vs. 29.8 � 20.6
(24e35 � 18e22), respectively, but the L/W
ratios were the same (1.4). Likewise, the

sporocysts from oocysts in O. curzoniae also
were smaller, 12.3 � 7.2 (11e14 � 6e8) vs. 15.2
� 8.4 (13e18 � 7e11), respectively, as were their
L/W indices, 1.7 vs. 1.8, respectively. We attri-
bute these minor size variations to the difference
between host species. Sporulated oocysts, with
their rough outer wall removed, were 28.9 �
20.7 (27e33 � 19e22) with a L/W ratio 1.4
(1.3e1.6), figures similar to measurements for
E. barretti (Lepp et al., 1972).

EIMERIA DAURICA
MATSCHOULSKY, 1947a

Synonym: Eimeria matschoulskyi Pellérdy, 1974,
in Cricetulus barabensis (striped hamster), pro
parte.

Type host: Ochotona dauurica (Pallas, 1776)
(syn. Lepus dauuricus), Daurian pika.

Type locality: ASIA: Asiatic Russia (former
Soviet Union): Mongolia, southern regions of
Buryat-Mongol.

Other hosts: None reported to date.
Geographic distribution: ASIA: Asiatic Russia

(former Soviet Union): Mongolia, southern
regions of Buryat-Mongol.

FIGURE 3.14 Line drawing of the sporulated oocyst of
Eimeria daurica (original) redrawn from Matschoulsky,
1947a.
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Description of sporulated oocyst: Oocyst shape:
cylindroidal or ellipsoidal; number of walls:
two (?), described as double-contoured; wall
characteristics: membranous to translucent,
~1 thick; L � W: 23.8 � 16.8 (20e30
� 15e18); L/W ratio: 1.4 (1.3e1.6); M, OR,
PG: all absent. Distinctive features of oocyst:
none.

Description of sporocyst and sporozoites: Sporo-
cyst shape: subspheroidal to slightly ovoidal
(line drawing); L � W: 7e10 � 6.6; SB, SSB,
PSB: not given, but presumably absent; SR:
present; SZ: not described. Distinctive features
of sporocyst: insufficient information provided.

Prevalence: In 1/3 (33%) specimens of the type
host.

Sporulation: Presumably exogenous. Sporula-
tion time unknown.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Remarks: Matschoulsky (1947a) gave a very

limited description of this oocyst, but he did
provide a line drawing (his Fig. 7). However,
the name he used, E. daurica, was used a second
time for oocysts he described from the striped
hamster, Cricetulus barabensis, in the same paper.
This prompted Pellérdy (1974) to rename the
oocyst from the hamster and retain this name
for the Ochotona species. However, in his 1963
alphabetical check list of species of Eimeriidae
(published 2 years prior to his first edition of
Coccidia and Coccidiosis) Pellérdy listed oocyst
measurements from Matschoulsky’s (1947a)
description of E. daurica as 20.6 � 14.1 (17e23
� 13e15), an error repeated in both editions
(1965, 1974) of his classic tome, and in his
second edition (1974) he added that the sporo-
cysts were 6.7e8.1 � 4.7, also an error. In fact,
almost everyone since then has used Pellérdy’s
measurements instead of those from the original

description by Matschoulsky (1947a), which are
given above. Musaev and Veisov (1965), citing
Matschoulsky (1947a), used the same oocyst
and sporocyst measurements repeated in Pel-
lérdy (1974), but not actually those of Mat-
schoulsky’s (1947a) original description.

EIMERIA ERSCHOVI
MATSCHOULSKY, 1949

Type host: Ochotona dauurica (Pallas, 1776)
(syn. Lepus dauuricus), Daurian pika.

Type locality: ASIA: Asiatic Russia (former
Soviet Union): Mongolia, southern regions of
Buryat-Mongol; Central Kazakhstan.

Other hosts: Ochotona pallasi Gray, 1867 (syn.
Ochotona pricei Thomas, 1911), Mongolian pika.

Geographic distribution: ASIA: Asiatic Russia
(former Soviet Union): Mongolia, southern
regions of Buryat-Mongol (Matschoulsky,
1949); Kazakhstan, Karaganda Region, Chetak
District (Svanbaev, 1958).

Description of sporulated oocyst: Oocyst shape:
ovoidal to subspheroidal; number of walls: 2;
wall thickness: 1.2e1.8; wall characteristics:
smooth, dark yellow; L �W: 21.1 � 18.5 (21e23
� 17e19); L/W ratio: 1.15 (1.1e1.2); M: present;
M characteristics: a thinning of the oocyst wall

FIGURE 3.15 Line drawing of the sporulated oocyst of
Eimeria erschovi (original) redrawn fromMatschoulsky, 1949.
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at one end, with only a small, raised portion; OR,
PG: both absent. Distinctive features of oocyst:
mostly ovoidal shape, only slightly raised near
M, and lack of both OR and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal (in original line drawing);
L � W: 7.6e9.5 � 5.7; SB, SSB, PSB: all absent;
SR: present as scattered delicate granules; SZ:
comma-shaped, each with one small RB at
rounded end. Distinctive features of sporocyst:
small size and tiny SB.

Prevalence: In 3/14 (21%) of the type host; and
in 4/66 (6%) from O. pallasi (syn. O. pricei)
(Svanbaev, 1958).

Sporulation: Presumably exogenous. Sporula-
tion time unknown.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Etymology: This species was named after

Professor Erschov.
Remarks: Svanbaev (1958) reported the

dimensions of sporulated oocysts fromO. pallasi
as 21.1 � 18.5 (22e31 � 16e23) with sporocysts
9.7 � 5.3 (8e11 � 4e7), but he did not see a M,
while Musaev and Veisov (1965), who identified
the host as O. pricei, said the oocysts were
ovoidal, ellipsoidal or spheroidal, 25.6 � 20.2
(22e31 � 16e23), with a smooth, yellow-
brown, double-contoured wall, 1e1.8 thick,
and thinner at end with M; presumably, they
did not see an OR or PG; sporocysts were
reported to be ellipsoidal or broadly ellipsoidal,
10 � 5 (3e11 � 4e7), without SB, SSB, and PSB,
but with a SR; SZ were 6.4 � 3.3 (5e7.5 � 2e4).

Of the 11 Eimeria species described from
pikas with oocysts that have a M, in addition
to this species (see Remarks under E. balchanica),
the sporulated oocysts of four of them have
oocysts with a distinct to modest collar-like
feature around the M, and they are easily

distinguished from each other by oocyst size,
shape of the collar around the M, and by other
quantitative and qualitative features (see
Remarks section under E. ochotona).

EIMERIA HAIBEIENSIS YI-FAN,
RUN-ROUNG, JIAN-HUA,

JIANG-HUI & DUSZYNSKI, 2009

Type host: Ochotona curzoniae (Hudgson,
1858), Plateau pika.

Type locality: ASIA: People’s Republic of
China (PRC): Qinghai Province, Haibei Alpine
Meadow Ecosystem Research Station, Chinese
Academy of Sciences, 37�360N, 101�180E; alt.
3,205 m.

Other hosts: None to date.
Geographic distribution: ASIA: PRC, Qinghai

Province, 37�360N, 101�180E; alt. 3,205 m.
Description of sporulated oocyst: Oocyst shape:

ellipsoidal to ovoidal; number of walls: 2; wall
thickness: ~2;wall characteristics: outer is smooth;
L�W(N¼ 38): 22.2� 16.2 (20e24� 15e18); L/W
ratio: 1.4 (1.3e1.6); M: present; M characteristics:
~3.9 (3.5e4.5) wide; PG, OR: both absent.

FIGURES 3.16, 3.17 Line drawing of the sporulated
oocyst of Eimeria haibeiensis from Yi-Fan et al., 2009, with
permission of the authors and the Journal of Parasitology.
Photomicrograph of a sporulated oocyst of E. haibeiensis

from Yi-Fan et al., 2009, with permission of the authors and
the Journal of Parasitology.
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Distinctive features of oocyst: M, 2-layered
smooth outer wall and lack of PG and OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L �W (N ¼ 38): 11.6 � 6.6
(10e13 � 5e7); L/W ratio: 1.8 (1.4e2.4); SB:
present at slightly pointed end; SSB, PSB: both
absent; SR: present; SR characteristics: compact
mass of granules; SZ with two RBs, one anterior
and the second one posterior to N. Distinctive
features of sporocyst: none.

Prevalence: In 21/52 (40%) O. curzoniae in
China.

Sporulation: Unknown, but many oocysts
were sporulated after six days when maintained
in 2.5% (w/v) aqueous K2Cr2O7 solution in Petri
dishes at 25�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces, colon and cecal contents.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: None observed.
Material deposited: Skull and skin of the sym-

biotype host are preserved in the Qinghai-
Tibet Plateau Biological Specimen Museum
(QPBSM), No. 0006872 male, 16 September
2008. Photosyntypes of sporulated oocysts in
the Key Laboratory of Adaptation and Evolu-
tion of Plateau Biota (KLAEPB), No. 08097.

Etymology: The nomen trivale is derived from
the name of the Research Station in the PRC in
which the host animal was collected and eensis
(L., belonging to).

Remarks: This species somewhat resembles E.
barretti, first described from O. princeps in
Alberta, Canada (Lepp et al., 1972), and later
reported from O. collaris from the Yukon Terri-
tory, Canada (Hobbs and Samuel, 1974).
However, even though W.M. Samuel was an
author on both papers, there are several discrep-
ancies between the description and line drawing
in the original description (Fig. 2 of Lepp et al.,
1972) and the description, line drawing, and
photomicrograph in their second report of this
eimerian (Figs. 4, 8, of Hobbs and Samuel, 1974).

As we noted in the Remarks section for E. bar-
retti, Lepp et al.’s (1972) original line drawing
of the sporulated oocyst of E. barretti showed
a slightly ellipsoidal oocyst flattened on one
end, but without M and MC, even though their
written description said the M was 5e7 mm
wide, with a 3 � 3 mm MC seen in a few
oocysts. Mensural data for their (1972) oocysts
and sporocysts were 32.9 � 23.8 (27e36 �
21e27), with L/W 1.4 (1.2e1.6) and 12.6 � 8.8
(9e15 � 6e12) with L/W 1.5 (1.3e1.7), respec-
tively. When Hobbs and Samuel (1974) rede-
scribed E. barretti, however, they said those
oocysts were 29.0 � 20.1 (23e32 � 17e24),
with sporocysts 14.5 � 7.6 (12e20 � 7e8), while
their new line drawing (1974, Fig. 4) showed
a distinct M, which their description said was
“indistinct”; they also did not mention the pres-
ence (or absence) of a MC, and their photomi-
crograph (their Fig. 8) was distinctly
ellipsoidal vs. the “slightly ovoid” reported by
Lepp et al. (1972). As we noted above (Remarks
under E. barretti), Hobbs and Samuel (1974)
might have been wiser to give the oocysts
they redescribed as E. barretti a new species
name, rather than confuse the mensural param-
eters that defined the original E. barretti of Lepp
et al. (1972). We reiterate these details here
because the morphology of E. haibeiensis from
O. curzoniae is similar to the redescription of
E. barretti provided by Hobbs and Samuel
(1974) from O. collaris. However, the oocyst
and sporocyst dimensions, the absence of both
OR and PG, and the L/W ratios of both oocysts
and sporocysts give the form described by Yi-
Fan et al. (2009) a sufficiently unique suite of
characters that justifies their naming it as
distinct from E. barretti.

EIMERIA KLONDIKENSIS
HOBBS & SAMUEL, 1974

Type host: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika.
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Type locality: NORTH AMERICA: Canada:
Yukon Territory, Ogilvie Mountains, 64�N,
138�W.

Other hosts: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika; Ochotona hyperborea (Pallas, 1811),
Northern pika.

Geographic distribution: NORTH AMERICA:
Canada: Yukon Territory, Ogilvie Mountains,
64�N 138�W (Hobbs and Samuel, 1974); Alberta,
51�N, 115�W (Hobbs and Samuel, 1974); USA:
Colorado, Clear Creek County (Duszynski,
1974); Alaska: Wrangell-St. Elias National Park
and Preserve, SE of Rock Lake, 21 July, 2001,
61�470N, 141�120W (Lynch et al., 2007); Yukon-
Charley Rivers National Preserve (Lynch et al.,
2007); ASIA: Japan: Hokkaido, Daisetzusan
National Park (Hobbs and Samuel, 1974);
Russia: Siberia, Chukotka, 3 km SSE of conflu-
ence of Volchya River and Liman Sea, 64�480N,
177�330E (Lynch et al., 2007).

Description of sporulated oocyst: Oocyst
shape: ovoidal; number of walls: 3; wall
thickness: 2; wall characteristics: outer is rough
and of variable thickness, inner is smooth; L �

W: 35.2 � 24.6 (32e38 � 23e36); L/W ratio: 1.4
(1.3e1.5); M: present; M characteristics: raised,
neck-like structure that makes it very promi-
nent; OR: absent; PG: present; number of PGs:
one, about 2 wide. Distinctive features of oocyst:
prominent M and three walls.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 15.5 � 9.2 (14e16
� 8e10); L/W ratio: 1.7 (1.6e1.8); SB: present
at narrow end; SSB, PSB: both absent; SR:
present; SR characteristics: compact mass of
granules; SZ: with 2e3 RBs, one anterior and
the second one posterior to the N, occasionally
with a third present, also anterior to N. Distinc-
tive features of sporocyst: 2e3 RB in SZ.

Prevalence: In 3/92 (3%) O. collaris (type host)
in the Yukon Territory (Hobbs and Samuel,
1974); 2/53 (4%) O. collaris in Alaska (Lynch
et al., 2007); 1/35 (3%) O. hyperborea in Siberia,
Russia (Lynch et al., 2007); 2/14 (14%) O. hyper-
borea in Japan (Hobbs and Samuel, 1974); 7/111
(6%) O. princeps in Alberta (Hobbs and Samuel,
1974); and in 31/137 (23%) O. princeps in Colo-
rado (Duszynski, 1974).

Sporulation: Presumably exogenous. Oocysts
were sporulated when examined, but sporula-
tion time is unknown because of the method
used. Feces collected from the rectum or colon
were kept in 2.5% (w/v) aqueous K2Cr2O7 solu-
tion at air temperature (1e25�C) for 1e5 hr in
the field, then at 4�C in the refrigerator for an
unspecified time; finally, they were later placed
in Petri dishes at 19�C in the dark for at least 10
days before they were examined.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None from the type host,

but preservation of host and parasite materials
was done in later studies. Skull, skin, skeleton,
and tissues of two symbiotype hosts, O. collaris
and O. hyperborea, are preserved in the

FIGURES 3.18, 3.19 Line drawing of the sporulated
oocyst of Eimeria klondikensis from Hobbs and Samuel, 1974,
with permission of the Canadian Journal of Zoology. Photo-
micrograph of a sporulated oocyst of E. klondikensis from
Hobbs and Samuel, 1974, with permission of the Canadian

Journal of Zoology.
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University of Alaska Museum of the North
(UAM): O. collaris, UAM No. 56067 (AF 54551),
female, 21 July 2001, collected by S. Kutz, A.
Tsvetkova, A.A. Eddingaas, and M. McCain;
and O. hyperborea, UAM No. 84369 (IF 5352),
male, 11 August 2002, collected by N.E. Doku-
chaev and A.A. Tsvetkova. (Lynch et al., 2007).
Lynch et al. (2007) also deposited a photoneo-
type of a sporulated oocyst in the USNPC, No.
99671, because no previous authors had
archived a type specimen of this parasite.

Remarks: There are 11 eimerian species
described from pikas with oocysts that have
aM, inaddition to this species:E. balchanica,E. bar-
retti, E. calentinei, E. circumborealis, E. cryptobarretti
(?), E. erschovi, E. haibeiensis, E. metelkini, E. ocho-
tona, E. princepsis (?), and E. qinghaiensis. Of these,
only the oocysts of E. qinghaiensis are as large, but
the presence of the raised, neck-like structure that
supports the M distinguishes the oocysts of E.
klondikensis from all Eimeria species from pikas.

The morphology and mensural features of
sporulated oocysts of E. klondikensis from O. col-
laris in Alaska andO. hyperborea in Russia (Lynch
et al., 2007) were similar to those in the original
description provided by Hobbs and Samuel
(1974) for oocysts collected from the same host
species in Canada and Japan, respectively.

EIMERIA METELKINI
MATSCHOULSKY, 1949

Type host: Ochotona dauurica (Pallas, 1776)
(syn. Lepus dauuricus), Daurian pika.

Type locality: ASIA: Asiatic Russia (former
Soviet Union): Mongolia, southern regions of
Buryat-Mongol.

Other hosts: None reported to date.
Geographic distribution: ASIA: Asiatic Russia

(former Soviet Union): Mongolia, southern
regions of Buryat-Mongol.

Description of sporulated oocyst: Oocyst shape:
ovoidal with a small neck supporting the M
and MC; number of walls: 2, but appears as

only one in original line drawing; wall thick-
ness: 0.9e1.2; wall characteristics: dark pink; L
� W: 24.3 � 19.0 (23e27 � 19); L/W: 1.3
(1.2e1.4); M: present; M characteristics: thin-
ning of the wall at narrow end of oocyst,
3.8e5.7 wide; MC: present, 1.9e2.7 high; OR:
present; OR characteristics: separate granules;
PG: absent. Distinctive features of oocyst:
distinct M with MC and presence of OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal (line drawing); L � W:
9e11 � 6e7; SB, SSB, PSB: all absent; SR:
present; SR characteristics: large granules
between SZ; SZ: elongate with one end broader
than the other containing a clear RB and lie
end-to-end with SR in between. Distinctive
features of sporocyst: ellipsoidal shape and
lack of SB.

Prevalence: In 2/14 (14%) specimens of the
type host.

Sporulation: Presumably exogenous. Sporula-
tion time is unknown.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.

FIGURE 3.20 Line drawing of the sporulated oocyst of
Eimeria metelkini (original) redrawn from Matschoulsky,
1949.
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Etymology: This species was named after
Professor Metelkin.

Remarks: Only four of the 11 eimerian species
described from pikas that have oocysts reported
with a M have a distinct to modest collar-like
feature around the M and they are easily distin-
guished from each other by oocyst size, shape of
the collar around the M, and by other quantita-
tive and qualitative features (see Remarks under
E. ochotona).

EIMERIA OCHOTONA
MATSCHOULSKY, 1949

Type host: Ochotona dauurica (Pallas, 1776)
(syn. Lepus dauuricus), Daurian pika.

Type locality: ASIA: Asiatic Russia (former
Soviet Union): Mongolia, southern regions of
Buryat-Mongol.

Other hosts: None reported to date.
Geographic distribution: ASIA: Asiatic Russia

(former Soviet Union): Mongolia, southern
regions of Buryat-Mongol.

Description of sporulated oocyst: Oocyst shape:
ovoidal to vase-shaped, but flattened at one
end; number of walls: 2; wall thickness: 1; wall

characteristics: light pink; L � W: 19.9 � 14.2
(19e21 � 13e15); L/W ratio: 1.4 (1.4e1.5); M:
present; M characteristics: a thinning of the
wall at one end of oocyst, 4.6e5.1 wide (line
drawing shows M to be wide, flattened, and
pronounced, much like a vase would be flat on
top and surrounded by a slight neck); OR:
present as a few small granules in center of
oocyst; PG: absent. Distinctive features of
oocyst: vase-like shape and distinct appearance
of M neck in original drawing.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal to lemon-shaped; L �W: 5.7
� 3.8; L/W ratio: 1.5; SB: present (in original line
drawing) as a small nipple-like structure; SSB,
PSB: both absent; SR: absent; SZ: lie end-to-end
in original line drawing, each with a small poste-
rior RB at rounded end. Distinctive features of
sporocyst: small size, lemon-shape and lackof SR.

Prevalence: In 2/14 (14%) specimens of the
type host.

Sporulation: Unknown, but presumably
exogenous.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Remarks: This species has only been seen once

since its original description. Dr. Norman Lev-
ine (deceased), formerly of the University of Illi-
nois, sent one of us (DWD) a portion of his
reprint library prior to his death. Within this
treasure trove of taxonomic reprints was
a preliminary, hand-typed and hand-edited
partial manuscript (on yellow paper) on the
coccidia of rabbits. Levine noted that he did
not have access to Matschoulsky’s (1949) orig-
inal description, so he used the descriptive
data for E. ochotona from Musaev and Veisov
(1965), who redescribed E. ochotona. The data
given by Musaev and Veisov (1965), according
to Levine’s notes, were identical to information

FIGURE 3.21 Line drawing of the sporulated oocyst of
Eimeria ochotona (original) redrawn from Matschoulsky,
1949.
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(above) in Matschoulsky’s (1949) original paper.
We have compared the papers and we agree the
oocysts seen by Musaev and Veisov (1965) were
identical in size (19.9 � 14.2 [19e21 � 13e15]) to
those in the original description, as were the
sporocysts (6 � 4).

Of the 11 eimerians known from pikas to
have oocysts with aM, in addition to E. ochotona,
only four species have a distinct collar-like
feature around the M: E. ochotona, E. metelkini,
E. erschovi (all described by Matschoulsky,
1949), and E. klondikensis. Oocysts of E. ochotona
clearly differ in size from those of E. klondikensis
by being considerably smaller (19.9 � 14.2
[19e21 � 13e15] vs. 35 � 24 [32e38 � 23e36]).
Its oocysts are only slightly smaller than those
of E. metelkini (24 � 19 [23e27 � 19]), but the
latter has a MC that is ~2 � 3, which E. ochotona
lacks. Finally, its oocysts also are only slightly
smaller than those of E. erschovi (21.1 � 18.5
[20e23 � 17e19]), but the latter lacks an OR
and its oocysts are more rounded with a less-
pronounced collar around its M.

EIMERIA PRINCEPSIS
DUSZYNSKI & BRUNSON, 1973

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer and Clear Creek Counties.

Other hosts: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika; Ochotona
hyperborea (Pallas, 1811), Northern pika.

Geographic distribution: NORTH AMERICA:
USA: Colorado, Larimer and Clear Creek
Counties (Duszynski and Brunson, 1973; Dus-
zynski, 1974); Canada: Yukon Territory, Ogilvie
Mountains, 69�N 138�W and southwestern
Alberta, 51�N, 115�W (Hobbs and Samuel,
1974); ASIA: Japan: Hokkaido, Daisetzusan
National Park (Hobbs and Samuel, 1974).

Description of sporulated oocyst: Oocyst shape:
ellipsoidal to subspheroidal; number of walls:
1; wall thickness: ~1; wall characteristics:
smooth, of uniform thickness; L � W (N ¼ 33):
21.5 � 17.3 (19e24 � 15e19); L/W ratio: 1.25
(1.1e1.4); M: may be present; M characteristics:
if present, indistinct, but closely associated
with a PG attached to the inner surface of the
oocyst wall; OR: absent; PG: present; number
of PGs: one, a small, almost square granule
usually present below area where M may be
located, very close to the oocyst wall, and not
present in unsporulated oocysts. Distinctive
features of oocyst: unique, square/rectangular
PG attached to the inner layer of oocyst wall
just below the indistinct M.

Description of sporocyst and sporozoites:
Sporocyst shape: ovoidal; L � W: 12.3 � 7.3
(10e14 � 5e8); L/W ratio: 1.6 (1.5e2.0); SB:
present; SB characteristics: distinct knob at
apex of sporocyst; SSB, PSB: both absent; SR:
present; SR characteristics: granular, usually
scattered throughout sporocyst, but some-
times present as a compact spherical mass;
SZ: arranged side-by-side, tightly within
sporocyst, each with one posterior RB and
probably a second one just anterior to it.
Distinctive features of sporocyst: distinct,
knoblike SB.

FIGURES 3.22, 3.23 Line drawing of the sporulated
oocyst of Eimeria princepsis from Duszynski and Brunsen,
1973, with permission of the Journal of Parasitology. Photo-
micrograph of a sporulated oocyst of E. princepsis (original).
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Prevalence: In 11/30 (37%) O. princeps (type
host; Duszynski and Brunson, 1973); 82/137
(60%) O. princeps (Duszynski, 1974); 24/92 (26%)
O. collaris; 8/111 (7%) O. princeps; and in 2/14
(14%) O. hyperborea (Hobbs and Samuel, 1974).

Sporulation: Exogenous. Oocysts sporulated
within 72 hr in 2.5% (w/v) aqueous K2Cr2O7

solution at 30�C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces and intestinal contents.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Excystation: SZs of this species did not excyst

when sporocysts were exposed to a trypsin-
sodium taurocholate (pH 7.5) excysting fluid
after 1 hr.

Material deposited: None.
Remarks: Only sporulated oocysts of E. daurica

and E. erschovi somewhat resemble oocysts of
this species because all three have similar oocyst
dimensions, but those of E. princepsis differ from
the other two in oocyst shape, being narrower
than E. erschovi and broader than E. daurica.
Eimeria erschovi has a distinct M, not seen in E.
princepsis, and neither E. erschovi nor E. daurica
were reported to have a PG. Also, the sporocysts
of the latter two apparently do not possess
a knob-like SB and are 20e40% smaller than
the sporocysts of E. princepsis. These structural
differences, plus geographic isolation and host
differences, led Duszynski and Brunson (1973)
to call this a new species at the time. According
to Hobbs and Samuel (1974), this species differs
from E. daurica only slightly in shape, with other
characters being similar.

EIMERIA QINGHAIENSIS YI-FAN,
RUN-ROUNG, JIAN-HUA,

JIANG-HUI & DUSZYNSKI, 2009

Type host: Ochotona curzoniae (Hudgson,
1858), Plateau pika.

Type locality: ASIA: People’s Republic of
China (PRC): Qinghai Province, Haibei Alpine
Meadow Ecosystem Research Station, Chinese
Academy of Sciences, 37�360N, 101�180E; alt.
3205 m.

Other hosts: None to date.
Geographic distribution: ASIA: PRC: Qinghai

Province, 37�360N, 101�180E; alt. 3,205 m.
Description of sporulated oocyst: Oocyst shape:

ovoidal; number of walls: 3; wall thickness: ~2;
wall characteristics: outer is rough, with prom-
inent, sunken M; inner is smooth with M
barely visible; L � W (N ¼ 70): 37.2 � 27.2
(34e41 � 24e32); L/W ratio: 1.4 (1.1e1.6); M:
present; M characteristics: 9 (7.5e12.1) wide,
most prominent in outermost layer; PG:
present, 2.6 (2.4e3.2) wide; OR: absent.
Distinctive features of oocyst: prominent M
and 3-layered wall.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L �W (N ¼ 50): 16.6 � 9.8
(14e19 � 9e11); L/W ratio: 1.7 (1.4e1.9); SB:
present at pointed end; SSB, PSB: both absent;
SR: present; SR characteristics: compact sphe-
roidal mass of tiny granules, 6.8 � 5.7 (5e9 �
5e7); SZ with anterior RB, 2 � 3 (2e4 � 2e3)
and posterior RB, 6 � 4 (4e6 � 3e4); N visible

FIGURES 3.24, 3.25 Line drawing of the sporulated
oocyst of Eimeria qinghaiensis from Yi-Fan et al., 2009, with
permission of the authors and the Journal of Parasitology.
Photomicrograph of a sporulated oocyst of E. qinghaiensis

from Yi-Fan et al., 2009, with permission of the authors and
the Journal of Parasitology.
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between RBs. Distinctive features of sporocyst:
prominent compact SR and SZ each with
two RBs.

Prevalence: In 18/52 (35%) O. curzoniae from
China.

Sporulation: Presumably exogenous, but the
time is unknown; many oocysts were sporu-
lated after 6 days when maintained in 2.5%
(w/v) aqueous K2Cr2O7 solution in Petri dishes
at 25�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces, colon, and cecal contents.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: None observed.
Material deposited: Skull and skin of the sym-

biotype host are preserved in the Qinghai-
Tibet Plateau Biological Specimen Museum
(QPBSM), No. 0006869, female, 15 September
2008. Photosyntypes of sporulated oocysts in
the Key Laboratory of Adaptation and Evolu-
tion of Plateau Biota (KLAEPB), No. 08091.

Etymology: The nomen trivale was derived
from the name of the Province in the PRC in
which the host animal was collected and eensis
(L., belonging to).

Remarks: Mensural features of the sporu-
lated oocysts of this species are similar in
size to, but slightly larger than, those of E.
klondikensis described from O. collaris in the
Yukon Territory, Canada (Hobbs and Samuel,
1974); their oocysts are 37.2 � 27.2 (34e41 �
24e32) vs. 35.2 � 24.6 (32e38 � 23e36),
respectively, and their sporocysts are 16.6 �
9.8 (14e19 � 9e11) vs. 15.5 � 9.2 (14e16 �
8e10), respectively. Qualitative features also
are similar, with OR, PG, and SB present in
both descriptions. However, there is one
distinct structural difference between the
oocysts found by Yi-Fan et al. (2009) and those
of E. klondikensis (Duszynski, 1974; Hobbs and
Samuel, 1974; Lynch et al., 2007), and that is
the part of the oocyst wall with the M. In
previous descriptions, line drawings, and

photomicrographs, the M on the oocysts of E.
klondikensis is on a distinct raised structure,
like the raised neck of a turtleneck sweater,
that surrounds the M separating it from the
oocyst wall per se. The M on the oocysts of
E. qinghaiensis is a distinct part of the outer-
most oocyst wall and slightly sunken into it,
which the authors who described it felt was
a unique enough difference to separate it
from E. klondikensis.

EIMERIA WORLEYI LEPP,
TODD & SAMUEL, 1972

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: Canada:
Alberta, Blairmore, Frank Slide 49�370N,
114�250W.

Other hosts: Ochotona hyperborea (Pallas, 1811),
Northern pika.

Geographic distribution: NORTH AMERICA:
Canada: southwestern Alberta, the Blairmore,
Frank Slide area (Lepp et al., 1972); USA: Colo-
rado, Larimer and Clear Creek Counties (Dus-
zynski, 1974); ASIA: Japan: Hokkaido,

FIGURE 3.26 Line drawing of the sporulated oocyst of
Eimeria worleyi from Lepp et al., 1972, with permission of the
Journal of Protozoology.
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Daisetzusan National Park (Hobbs and Samuel,
1974).

Description of sporulated oocyst: Oocyst shape:
spheroidal to subspheroidal; number of walls:
2; wall thickness: ~1.5; wall characteristics: outer
is smooth, light brown, ~2/3 total thickness;
inner is light green; L � W (N ¼ 50): 13.5 �
12.5 (12e16 � 10e15); L/W ratio: 1.1 (1.0e1.3);
M, OR: both absent; PG: present; number of
PGs: 1, ~1e2 wide. Distinctive features of
oocyst: small size, lack of OR, and presence
of a PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 5.6 � 3.7 (4e6 �
3e5); L/Wratio: 1.5 (1.3e1.7); SB: present, small,
at pointed end of sporocyst; SSB, PSB: both
absent; SR: present; SR characteristics: granular,
diffuse, and spread throughout sporocyst; SZ:
lie lengthwise in sporocyst, each with a small,
posterior RB. Distinctive features of sporocyst:
diffuse, granular SR.

Prevalence: Not given for the type host in the
original description (Lepp et al., 1972), but in
1/14 (7%) O. hyperborea (Hobbs and Samuel,
1974).

Sporulation: Presumably exogenous. Oocysts
were sporulated when examined, but sporula-
tion time is unknown because of the method
used. Feces collected from the rectum or colon
were kept in 2.5% (w/v) aqueous K2Cr2O7 solu-
tion at air temperature (1e25�C) for 1e5 hr in
the field, then at 4�C in the refrigerator for an
unspecified time; finally, they were later placed
in Petri dishes at 19�C in the dark for at least 10
days before they were examined.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Etymology: The species was named for Dr.

David E. Worley, Montana State University,
Bozeman, MT, USA.

Remarks: Comparing the oocyst species that
lack a M, this species differs from all others
from pikas in having the smallest sporulated
oocyst and sporocysts.

ISOSPORA MARQUARDTI
DUSZYNSKI & BRUNSON, 1972

Type host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer County, Ft. Collins.

Other hosts: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika; Ochotona
hyperborea (Pallas, 1811), Northern pika.

Geographic distribution: NORTH AMERICA:
USA: Colorado, Larimer and Clear Creek
Counties (Duszynski and Brunson, 1972; Dus-
zynski, 1974); Canada: Yukon Territory, Ogilvie
Mountains, 64�N, 138�W (Lynch et al., 2007);
Alberta, 51�N, 115�W (Hobbs and Samuel,
1974); ASIA: Russia: Siberia, Chukotka, Ulhum
River, 15 km W of Chaplino Village, 64�250N,
172�320E (Lynch et al., 2007).

Description of sporulated oocyst: Oocyst shape:
spheroidal to subspheroidal; number of walls:

FIGURES 3.27, 3.28 Line drawing of the sporulated
oocyst of Isospora marquardti from Duszynski and Brunson,
1972, with permission of the Journal of Protozoology. Photo-
micrograph of a sporulated oocyst of I. marquardti from
Duszynski and Brunson 1972, with permission of the Journal
of Protozoology.
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questionable, but there appear to be two in
optical cross sectiondthese could not be
demonstrated by crushing oocysts by using fric-
tion of the coverslip; wall thickness: ~1.5; wall
characteristics: lightly pitted and pale yellow;
L �W (N ¼ 100): 30.8 � 30.1 (23e36 � 23e36);
L/W ratio: 1.0 (1.0e1.2); M, OR: both absent;
PG: present; number of PGs: 1, 2� 4. Distinctive
features of oocyst: relatively large size, lightly
pitted outer wall, and lack of OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W (N ¼ 100): 19.3 �
12.0 (17e22 � 10e14); L/W ratio: 1.6 (1.3e1.8);
SB: present; SSB: present, ~3 � 3; PSB: absent;
SR: present; SR characteristics: distinct sphe-
roidal mass, 8.3 (5e10) wide, in center of sporo-
cyst; SZ: banana-shaped, (N ¼ 20) 18 � 3 (15e20
� 2e4) with two distinct RBs, one near the
posterior rounded end and one just above N in
center of SZ; N with prominent nucleolus.
Distinctive features of sporocyst: presence of
SSB, SR, two distinct RBs in SZ, and N with
distinct nucleolus.

Prevalence: In 9/30 (30%)O. princeps (typehost)
including 4/14 (29%) collected onMt. Evans (alt.
4,267e4,400 m) and 1/4 (25%) collected on
Goliath Peak (alt. 3,867e4,000 m), both in Clear
Creek County, and 4/12 (33%) collected from
Crown Point (elev. 3,667e3,833 m) in Larimer
County (Duszynski and Brunson, 1972); 1/92
(1%) O. collaris from the Yukon Territory, Alaska
(Lynch et al., 2007); 1/35 (3%) O. hyperborea
from Siberia, Russia (Lynch et al., 2007); 1/111
(<1%) O. princeps from Alberta, Canada (Hobbs
and Samuel, 1974); and 16/137 (12%) O. princeps
from Colorado, (Duszynski, 1974).

Sporulation: Exogenous. Oocysts sporulated
after 72 hr in 2.5% (w/v) aqueous K2Cr2O7 solu-
tion at 30�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.

Excystation: Excystation occurred 45 sec to 4
min after the excysting fluid (trypsin-sodium
taurocholate, pH 7.5) reached the sporocysts.
Rapid SZ activity began the excystation process
and was accompanied by a change in optical
density of the SB. The rapidity with which the
first SZ followed the SSB exiting the sporocyst
suggested that either the exit of the SSB was
aided by the SZs or a rapid change in pressure
within the sporocyst forced contents out of it
once the SB had disappeared. Both factors may
be operating in the excystation of I. marquardti
SZs. Once the first SZ excysted, the remaining
three took an additional 2e8 min to leave and
sometimes two excysted simultaneously. Total
excystation was completed 7e14min after expo-
sure to the excysting fluid, leaving the SR intact
in the empty sporocyst.

Material deposited: Skull, skin, skeleton, and
tissues of a symbiotype host, O. hyperborea, are
preserved in the University of Alaska Museum
of the North (UAM), UAM No. 83846 (IF
7569), female, 28 July 2002, collected by V.F.
Fedorov and K.E. Galbreath (Lynch et al.,
2007). A photosyntype of a sporulated oocyst
is in the USNPC, No. 87408.

Etymology: This species was named in honor
of Dr. William C. Marquardt, Colorado State
University, Fort Collins, CO, USA, for his contri-
butions mentoring one of us (DWD) and for his
lifetime of teaching and research excellence.

Remarks: Citing a previous observation by
Duszynski (1971) that the time during patency
when oocysts are measured may be important
in accurately determining their size, Duszynski
and Brunson (1972) measured oocysts from
five host specimens to obtain more representa-
tive structural parameters of I. marquardti, on
the assumption that oocysts were collected on
different days of the patent period.

Themorphology of sporulated oocysts fromO.
hyperborea in Russia differs slightly from those in
the original description from O. princeps in Colo-
rado; the latter had oocysts and sporocysts that
are larger in both length and width (31 � 30 and

3. COCCIDIA FROM OCHOTONA46



19� 12 vs. 28� 27 and 17� 11, respectively) than
those from Russia (Lynch et al., 2007). Nonethe-
less, both oocysts and sporocysts from Russian
O. hyperborea were larger than those measured
by Hobbs and Samuel (1974) from O. collaris
from the Yukon Territory, Canada (23 � 22 and
15 � 9). Oocysts of some species are known to
exhibit phenotypic plasticity (see Duszynski
et al., 1992) and, given the similarity of qualitative
data, we assume all these oocysts represent I.
marquardti.

ISOSPORA YUKONENSIS
HOBBS & SAMUEL, 1974

Type host: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika.

Type locality: NORTH AMERICA: Canada:
Yukon Territory, Ogilvie Mountains, 64�N,
138�W.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

Canada: Yukon Territory, Ogilvie Mountains,
64�N, 138�W.

Description of sporulated oocyst: Oocyst shape:
elongate-ellipsoidal, often asymmetrical;
number of walls: 1; wall thickness: < 2; wall
characteristics: smooth; L � W: 52.4 � 23.3
(48e57 � 21e27); L/W ratio: 2.25 (1.9e2.6); M,
OR, PG: all absent. Distinctive features of
oocyst: large size, asymmetrical shape, lack of
M, OR, and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal; L �W: 27.6 � 12.3
(26e29 � 12e14); L/W ratio: 2.2 (1.9e2.4); SB:
present; SB characteristics: flat-ended; SSB:
present, slightly wider than SB; PSB: absent; SR:
present; SR characteristics: large, compact mass
of granules filling lower half of sporocyst; SZ:
with two RBs, one anterior and one posterior to
N. Distinctive features of sporocyst: large
elongate-ovoidal size andpresenceof SBandSSB.

Prevalence: In 1/92 (1%) specimens of the type
host.

Sporulation: Presumably exogenous. Oocysts
were sporulated when examined, but sporula-
tion time is unknown because of the method
used. Feces collected from the rectum or colon
were kept in 2.5% (w/v) aqueous K2Cr2O7 solu-
tion at air temperature (1e25�C) for 1e5 hr in
the field, then at 4�C in the refrigerator for an
unspecified time; finally, they were later placed
in Petri dishes at 19�C in the dark for at least 10
days before they were examined.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces and intestinal contents.
Endogenous stages: Unknown.
Cross-transmission: None.
Pathology: Unknown.
Material deposited: None.
Remarks: Only one other species of Isospora

has been described from lagomorphs, I. mar-
quardti Duszynski and Brunson, 1972 from O.
princeps. This species differs considerably from

FIGURES 3.29, 3.30 Line drawing of the sporulated
oocyst of Isospora yukonensis from Hobbs and Samuel, 1974,
with permission of the Canadian Journal of Zoology. Photo-
micrograph of a sporulated oocyst of I. yukonensis from
Hobbs and Samuel, 1974, with permission of the Canadian

Journal of Zoology.
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I. marquardti in shape (elongate ellipsoidal vs.
spheroidal) and size (52.4 � 23.3 vs. 30.8� 30.1).

Collared pikas share talus habitats with hoary
marmots (Marmota caligaata) and arctic ground
squirrels,Urocitellus (syn. Spermophilus) undulates
(Pallas, 1778) Helgen et al., 2009 (Helgen et al.,
2009). Hobbs and Samuel (1974) speculated it is
possible that the true host of I. yukonensis is the
marmot or ground squirrel, since pikas are
coprophagous and only one infection was
recorded fromO. collaris. However, to our knowl-
edge, oocysts resembling I. yukonensis have not
yet been reported from these rodents.

SPECIES INQUIRENDAE (5D)

Eimeria pallasi (Svanbaev, 1958) Lepp,
Todd & Samuel, 1972

Synonyms: E. kriygsmanni Yakimoff and Gous-
seff, 1938 of Svanbaev (1958) in Ochotona pallasi;
non E. krijgsmanni Yakimoff and Gousseff, 1938
in Mus musculus.

Original host: Ochotona pallasi (Gray, 1867),
Mongolian pika.

Remarks: Yakimoff and Gousseff (1938) first
described E. krijgsmanni in Mus musculus and
included a line drawing (their Fig. 3). Svanbaev
(1958) later described what he thought were
oocysts of this same species from 6/66 (9%)
specimens of O. pallasi, but misspelled the
name as E. kriygsmanni. Svanbaev’s (1958)
oocysts were described as ellipsoidal to ovoidal
with a two-layered wall, ~1.4e2 thick; the
oocysts measured 26.3 � 21.3 (19e34 � 17e26)
with a L/W ratio of 1.2 (1.1e1.3) and lacked
both M and OR, but had one PG. Sporocysts
were subspheroidal to ellipsoidal, 11.0 � 7.8
(9e13 � 7e9) with a L/W ratio of 1.4; they
lacked SB, SSB, PSB and SR and the SZ were
7.9 � 3.8 (7e10 � 3.5 � 4). Lepp et al. (1972)
felt that because rodent coccidia have a relatively
high degree of host specificity, the oocysts
described by Svanbaev (1958) most likely repre-
sented a new species and named it E. pallasi.
However, neither provided a line drawing or
a photomicrograph. Thus, using the criterion
established by Duszynski and Upton (2009) for
making decisions on the validity of species of
snake coccidia, that a species described without
existence of a type specimen of any kind (e.g.,

FIGURES 3.31, 3.32 Line drawings of sporulated oocysts of Eimeria pallasi, both from Musaev and Veisov, 1965.
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line drawing, photomicrograph, stages in tissue
sections, etc.) must be relegated to a status of
species inquirenda, we feel it prudent to do that
here for the name E. pallasi.

Musaev and Veisov (1965) provided two line
drawings (their Fig. 41), which we have
included here (Figures 3.31 and 3.32), to approx-
imate what sporulated oocysts of E. pallasi may
look like, if it actually exists. The reader must
understand that Musaev and Veisov (1965)
said their line drawings represented oocysts of
E. kriygsmanni from Mus, citing Yakimoff and
Gousseff (1938). However, since Svanbaev
(1958) considered the oocysts he saw inO. pallasi
to be the same as those of E. kriygsmanni fromM.
musculus, their sporulated oocysts may be quite
similar. This form has not been found since it
was originally described by Svanbaev (1958).

Eimeria shubini (Svanbaev, 1958) Lepp,
Todd & Samuel 1972

Synonyms: Eimeria musculi Yakimoff and
Gousseff, 1938 of Svanbaev (1958) in Ochotona
pallasi, non Eimeria musculi Yakimoff and Gous-
seff, 1938 in Mus musculus.

Original host: Ochotona pallasi (Gray, 1867),
Mongolian pika.

Remarks: Yakimoff and Gousseff (1938) first
described E. musculi in Mus musculus and
included a line drawing (their Fig. 1). Svanbaev
(1958) later described what he thought were
oocysts of this same species in 1/66 (1.5%) O.
pallasi. He described oocysts to be spheroidal
with two walls, ~1.3e1.6 thick; the oocysts
were 22 � 22 and lacked M, OR and PG. Sporo-
cysts were ellipsoidal, 8.6 � 7.7 (8e9 � 7e8)
with a L/W ratio of 1.1 and all lacked SB, SSB,
PSB and SR, while their SZ were 6.2 � 3.8 (6e7
� 3e5). Lepp et al. (1972) felt that because
rodent coccidia have a relatively high degree
of host specificity, the oocysts described by
Svanbaev (1958) most likely represented a new
species from pikas and named it E. shubini.
However, neither provided a line drawing or
a photomicrograph. Thus, using the criterion
established by Duszynski and Upton (2009), as
noted above, we feel it prudent to relegate the
name E. pallasi to a species inquirenda.

Since Yakimoff and Gousseff (1938) gave
a line drawing for the form they found in the
mouse, we have included it here (left) to approx-
imate what sporulated oocysts of E. shubini may
look like, if it actually exists. The reader must
understand that Yakimoff and Gousseff (1938)
used this line drawing to represent E. musculi
from M. musculus. However, since Svanbaev
(1958) considered the oocysts he saw inO. pallasi
to be the same as those of E. musculi, their spor-
ulated oocysts may be quite similar. This form
has not been found since it was originally
described by Svanbaev (1958).

Eimeria sp. of Svanbaev, 1958

Original host: Ochotona pallasi (Gray, 1867),
Mongolian pika.

Remarks: This host was later called O. pricei
Thomas, 1911, as was common in the (former)
Soviet Union literature by Musaev and Veisov
(1965) and Svanbaev (1979), but Wilson and
Reeder (2005) list O. pricei as a synonym of O.
pallasi. Svanbaev (1958) found this organism in

FIGURE 3.33 Line drawing of the sporulated oocyst of
Eimeria shubini from Yakimoff and Gousseff 1938, with
permission of Parasitology.
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the feces of 16/66 (24%) pikas in the Chetsk
District of Karaganda Region, central
Kazakhstan (former Soviet Union). Oocysts
were ovoidal to elongate-ellipsoidal and
measured 103.2 � 46.1 (94e111 � 36e52), L/W
ratio, 2.2 and had a smooth, yellow-green or
yellow-brown, two-layered wall with the outer
(?) layer radially striated, ~3e6 thick, without
a M or OR, but sometimes with a PG. The
oocysts he saw and described never sporulated
completely, so he did not give it a name, an
action with which we agree. Svanbaev (1958),
however, did see four sporoblasts in each oocyst
that were 33 � 20 (31e35 � 18e21), which
allowed him to call it an Eimeria sp.

Eimeria spp. of Barrett & Worley, 1970

Original host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Remarks: Barrett and Worley (1970) examined
54 pikas for helminth and protist parasites from
two counties in Montana, USA. They said their
fecal exams revealed six Eimeria species in four
pikas, all from Gallatin County, but they made
no attempt to name the species they identified.

Isospora sp. of Barrett & Worley, 1970

Original host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Remarks: Barrett and Worley (1970) examined
54 pikas for helminth and protist parasites from
two counties in Montana, USA. They said their
fecal exams revealed one Isospora species in
one pika, from Gallatin County, but they did
not name or identify the species they saw.

DISCUSSION AND SUMMARY

Living pikas are distributed only in the
Northern Hemisphere, and all species are so

remarkably homogeneous in morphology and
size that they are placed in a single genus, Ocho-
tona. Most Ochotona species occupy one of two
different habitat types, although there are
a few intermediate species.

Burrowing forms, with straighter, more
powerful claws, are found in steppe, shrub,
and forest environments. They tend to be highly
social, rather short-lived, and may have high,
but fluctuating, population densities and high
fecundity rates. Their non-burrowing relatives,
with longer vibrissae, occupy (alpine) talus
rock fields that lie adjacent to meadows or other
vegetation so that they have access to plants for
food and hay farming. The talus-dwelling pikas
tend toward being asocial, are longer-lived, and
have relatively stable, low population densities
and low fecundity rates (Yu et al., 2000). They
are unique among alpine mammals because
they gather vegetation (flowers, grasses, leaves,
evergreen needles, pine cones) throughout the
summer months and then live off their “hay
pile” throughout the winter, instead of moving
down-slope and/or hibernating. They are
highly territorial throughout the winter and
guard their hay piles with their lives. As snow-
pack accumulates at high altitudes, it insulates
their talus environment by maintaining temper-
atures just below freezing, wherein pikas can
survive.

Because of this unique habitat and behavior,
talus-dwelling pikas may be threatened by
global warming. The interstices between their
talus rocks (the rocks must be of a certain size)
provide both a cool, moist micro-climate where
they cool down during hot summer days and
a stable, near-freezing temperature where they
stay during long winter nights. This stable
winter temperature is critical to them, because
they do not huddle together like many other
mammals, as far as anyone knows. Thus, with
warming temperatures, the snowpack and their
stable underground temperature is reduced in
many mountainous regions of the world and
“in a strange twist of fate, global warming can
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cause pikas to freeze to death” (Holtcamp,
2010). Likewise, when the ambient temperature
begins to exceed 25�C, these high-energy
animals will die if they cannot regulate their
body temperature by moving into a cooler
micro-climate under the talus rocks. But since
they already live near mountain tops, when
their particular talus field’s micro-climate
becomes too hot (summer) or too cold (winter),
they simply have nowhere to go and will die
(Holtcamp, 2010).

Matschoulsky (1947a) published the first
paper on a coccidium in pikas. Since then only
10 additional papers have described and named
a total of 19 coccidians (17 Eimeria, two Isospora)
in seven pika species: two from North America
and five from Asia (Table 3.1). The coccidia
reported from three of those seven hosts, O. col-
laris and O. princeps (from North America) and
O. hyperborea (China, Russia, Japan), which are
the best-studied hosts, are remarkably similar
(Lynch et al., 2007). These hosts have all been
studied on multiple occasions and 10 coccidia
species are known from them; 6/10 (60%) of
these coccidia species are reported from all three
host species, while three others are reported
from at least two host species. One coccidium,
I. yukonensis, has been reported only from
a single individual of O. collaris (Hobbs and
Samuel, 1974). The overlap of coccidia species
among O. collaris, O. hyperborea, and O. princeps
suggests the possibility that these coccidia may
have evolved from a common ancestor; that is,
shared coccidia faunas in three closely related
Ochotona species may reflect a single origin for
the parasites in their common ancestor. On the
other hand, this pattern may indicate that each
coccidium had a common ancestor in the
ancestor of the pika species. Thus, the parasite
community may have a recent origin, but this
doesn’t say anything about relationships among
these coccidia (Lynch et al., 2007).

With the exception of E. erschovi, seven
coccidia from three Asian pikas, O. dauurica
(E. daurica, E. metelkini, E. ochotona in 1949),

O. pallasi (E. pallasi, E. shubini, E. sp., in 1958),
and O. rufescens (E. balchanica, in 1978), have
been identified only once from their single
host species. Initially, the lack of overlap indi-
cates that these coccidia (if they actually are
valid species from pikas) may be more host-
species specific, but nothing is known about
host specificity of pika coccidia. However, given
the known distributions of these three host
species, it is not likely their coccidia would
ever come into contact with an Ochotona species
different from the one in which it was first
described: Ochotona rufescens, the Afghan pika,
is geographically separated from the other two
species, and although the ranges of O. dauurica
and O. pallasi overlap (e.g., Russia, Mongolia),
these species are separated by both altitude
and biome (high mountain vs. desert, respec-
tively). Unfortunately, the sampling bias doesn’t
allow meaningful comparisons, and the ques-
tion can be asked whether some of these seven
coccidia even still exist, since at least some pop-
ulations ofO. pallasi are either threatened or crit-
ically endangered (IUCN).

Focusing on domestic, cottontail, and jack
rabbits, Samoil and Samuel (1981) were among
the first to try to use coccidia as indicators of
phylogenetic relationships of members of the
Lagomorpha. Their summary of the morpholog-
ical traits of the eimerians from these three
rabbit groups, along with results of cross-
transmission work among rabbits to that date,
led them to suggest that (1) cottontails (Sylvila-
gus spp.) and domestic rabbits (Oryctolagus
spp.) were more closely related to each other
than they are to jackrabbits (Lepus spp.), and
(2) the 13 Eimeria spp. known in 1981 from ocho-
tonids “appear to be more similar to those of
rodents and artiodactyls than to those of the
Leporidae.” More recently, Lynch et al. (2007)
approached the same idea, that the similarity,
or disparity, of coccidia infecting pika species
might reflect the systematics and phylogenetics
of their hosts. Work was done by Yu et al. (2000)
on the phylogeny of 19 pika species, including
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five of the seven fromwhich Eimeria and Isospora
species have been described: O. curzoniae, O.
dauurica, O. hyperborea, O. princeps, and O. pal-
lasi, but sequences from O. collaris and O. rufes-
cens were not incorporated. Their data
identified three pika clades: a shrub-steppe
group of seven species (including O. curzoniae
and O. dauurica), a northern group of five
species (including O. hyperborea, O. pallasi, and
O. princeps), and a mountain group of seven
species (none of which have yet been examined
for coccidia). Based on their host-parasite data,
Lynch et al. (2007) supported the notion that
O. hyperborea and O. princeps may be infected
by the same coccidia, because they have
descended from a recent common ancestor. If
true, this would predict that the same or similar
coccidian species will be found in other species
from the northern group of Yu et al. (2000). In
other words, the morphological similarity of
the coccidia in the study by Lynch et al. (2007)
may reflect close phylogenetic relationships
that are a consequence of the close relationship
between their hosts.

The data of Yu et al. (2000) suggested that O.
princeps is the most basal member of the
northern group. Interestingly, O. pallasi, also
a member of the northern clade, is infected by
an entirely different set of coccidia from other
hosts in that clade (although most of these
species are currently suspect). In fact, O. pallasi
is infected by E. erschovi, a coccidium first
identified from O. dauurica, a member of the
shrub-steppe group of pikas. Despite an older
association between O. dauurica and O. pallasi,
it is possible that E. erschovi is a generalist para-
site capable of a broad co-accommodation of
hosts (Brooks, 1979); that is, the association
between E. erschovi and two deeply divergent
pika lineages may suggest the generalist nature
of this coccidium. These hosts are in relatively
close contact, as the range of O. pallasi overlaps
that of O. dauurica, although they occupy
different habitats (Chapman and Flux, 1990);
unfortunately, it is not known if any burrowing

or talus-dwelling pikas live in enough prox-
imity to connect these lineages. Perhaps the
other Eimeria spp. identified from O. pallasi (E.
pallasi, E. shubini, and E. sp.) are more derived
than those infecting O. princeps and are results
of recent speciation. This could mean that co-
speciation is occurring, but it is also possible
that a host switch could have led to this associ-
ation. Only phylogenetic sequence data for
these coccidia will resolve the relationships
among them.

The dichotomy seen by Lynch et al. (2007)
where three hosts overlap in eimeriid fauna
and the other three hosts have divergent fauna,
could be the result of poor species descriptions
as suggested by earlier authors (Lepp et al.,
1972; Hobbs and Samuel, 1974), who noted the
strong similarity between many of the “conti-
nental Asian” and the “North American”
coccidia. In all cases, however, there were
enough differences among those coccidia to
prevent the synonymy of species. Before conclu-
sions can be made regarding the validity of
species descriptions, more Asian pikas must be
surveyed. Finding evidence for cryptic species
of coccidia in pikas also could be an important
issue for sorting out the origins of their host-
parasite associations. Finally, when interpreting
their work in light of all previous studies, Lynch
et al. (2007) made three points: (1) the similarity
in coccidian fauna among O. princeps, O. collaris,
and O. hyperborea; (2) the different and more
diverse coccidian parasites in Asian hosts; and
(3) the apparent widespread species of coccidia
found in pikas representing two different host
clades.

To date, only 7/30 (23%) pika species world-
wide have been examined for coccidia and only
the 19 species or forms, all described above, are
known. For several of these host species, only
small numbers of individuals were sampled,
so it is likely that other new Eimeria and Isospora
species exist in them, still to be discovered, espe-
cially cryptic species (see Lynch et al., 2007).
Based on the information given here, we believe
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it safe to assume that each pika species is
capable of harboring at least four coccidia
species that are unique to it. This means that
there should be, minimally, 100 new coccidia
yet to be discovered from the 23 pika species
that have not yet been examined for these para-
sites. Put another way, to date, only about 17%
of the total coccidia species from pikas have
been discovered and described!

Finally, of the 30 extant pika species on Earth,
23 (77%) are found in China, several with over-
lapping host ranges, but only four (17%) of these
hosts (O. curzoniae, O. dauurica, O. hyperborea, O.
pallasi) have been examined for coccidia. From
these four pika species, 17 coccidial forms
have been described: O. curzoniae (E. banffensis,

E. calentinei, E. cryptobarretti, E. qinghaiensis, E.
haibeiensis), O. dauurica (E. daurica, E. erschovi,
E. metelkini, E. ochotona), O. hyperborea (E. banf-
fensis, E. calentinei, E. circumborealis, E. cryptobar-
retti, E. klondikensis, E. princepsis, E. worleyi, I.
marquardti), and O. pallasi (E. erschovi, E. pallasi,
E. shubini, E. sp.). Not until the remaining Asian
pika species are examined and their coccidia
discovered and described will we be able to
construct rigorous and testable hypotheses
about whether their coccidia would reflect the
systematics and phylogenetics of their hosts.
Of course, we must rely on our colleagues who
study mammals to clarify and elaborate on the
systematics of the host genus in the future (Yi-
Fan et al., 2009).

TABLE 3.1 All Reported Coccidia Species (Apicomplexa: Eimeriidae) from Members of the Genus Ochotona Link,
1795 (Family Ochotonidae)

Ochotona spp. Coccidia (Eimeriidae)1 References

collaris2 Eimeria banffensis Hobbs & Samuel, 1974

E. barretti Hobbs & Samuel, 1974

E. calentinei Hobbs & Samuel, 1974; Lynch et al., 2007

E. circumborealis Hobbs & Samuel, 1974

E. cryptobarretti Lynch et al., 2007

E. klondikensis Hobbs & Samuel, 1974; Lynch et al., 2007

E. princepsis Hobbs & Samuel, 1974

Isospora marquardti Lynch et al., 2007

I. yukonensis Hobbs & Samuel, 1974

curzoniae E. banffensis Yi-Fan et al., 2009

E. calentinei Yi-Fan et al., 2009

E. cryptobarretti Yi-Fan et al., 2009

E. haibeiensis Yi-Fan et al., 2009

E. qinghaiensis Yi-Fan et al., 2009

dauurica E. daurica Matschoulsky, 1947a

E. erschovi Matschoulsky, 1949

E. metelkini Matschoulsky, 1949

E. ochotona Matschoulsky, 1949

(Continued)
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TABLE 3.1 All Reported Coccidia Species (Apicomplexa: Eimeriidae) from Members of the Genus Ochotona Link,
1795 (Family Ochotonidae) (cont’d)

Ochotona spp. Coccidia (Eimeriidae)1 References

hyperborea E. banffensis Hobbs & Samuel, 1974; Lynch et al., 2007

E. calentinei Hobbs & Samuel, 1974; Lynch et al., 2007

E. circumborealis Hobbs & Samuel, 1974

E. cryptobarretti Lynch et al., 2007

E. klondikensis Hobbs & Samuel, 1974; Lynch et al., 2007

E. princepsis Hobbs & Samuel, 1974

E. worleyi Hobbs & Samuel, 1974

I. marquardti Lynch et al., 2007

princeps2 E. banffensis Lepp & Todd, 1973; Hobbs & Samuel, 1974;
Duszynski & Brunson, 1973; Duszynski, 1974

E. barretti Lepp et al., 1972

E. calentinei Duszynski & Brunson, 1973; Hobbs & Samuel,
1974; Duszynski, 1974

E. circumborealis Hobbs & Samuel, 1974

E. cryptobarretti Duszynski & Brunson, 1973; Duszynski, 1974

E. klondikensis Hobbs & Samuel, 1974; Duszynski, 1974

E. princepsis Duszynski & Brunson, 1973; Duszynski, 1974;
Hobbs & Samuel, 1974

E. worleyi Lepp et al., 1972

I. marquardti Duszynski & Brunson, 1972; Duszynski, 1974;
Hobbs & Samuel, 1974

Eimeria spp. Barrett & Worley, 1970

Isospora sp. Barrett & Worley, 1970

pallasi E. erschovi Svanbaev, 1958

E. pallasi (?) Svanbaev, 1956; Lepp et al., 1972

E. shubini (?) Svanbaev, 1958; Lepp et al., 1972

Eimeria sp. (?) Svanbaev, 1958

rufescens E. balchanica Glebezdin, 1978

Seven host species 17 Eimeria (15 valid), two Isospora

1 All reported as natural infections. No experimental transmissions have been performed, to date, in Ochotona spp.
2 North American species; all other pika species are from Asia.

(?) Not considered a valid species of Ochotona.
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The mammalian order Lagomorpha contains
two extant families, Ochotonidae (Chapter 3)
and Leporidae. Within the Leporidae there are
11 genera with about 60 distinct species (Hoff-
mann and Smith, 2005) including Brachylagus
(one species),Bunolagus (one species),Caprolagus
(one species), Lepus (32 species), Nesolagus (one

species), Oryctolagus (one species), Pentalagus
(one species), Poelagus (one species), Pronolagus
(three species), Romerolagus (one species), and
Sylvilagus (17 species). To date, only four of the
11 (36%) leporid genera (Brachylagus, Lepus,
Oryctolagus, Sylvilagus) and 17 of the 60 (28%)
leporid species have been examined for and
have had coccidia (all Eimeria species) described
from them (Duszynski and Upton, 2001).

Relatively little is known about the biology
of the pygmy rabbit, Brachylagus idahoensis
(Merriam, 1891). Weighing ~400 g as adults, they
are the only species in the genus Brachylagus,
they are restricted to the Great Basin of the
western United States, and they are found only
in isolated populations in northeastern California,
southern Idaho, southwestern Montana, northern
Nevada, eastern Oregon, western Utah, western
Wyoming, and southeastern Washington (Green
and Flinders, 1980; Campbell et al., 1982; Nowak,
1991). The population in Washington State is
confined to the Columbia Basin, and is thought

FIGURE 4.1 The pygmy rabbit, Brachylagus idahoensis

(Merriam, 1891).
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to have been geographically isolated from other
populations of the species for thousands of years
(Lyman, 1991, 2004; K. Warheit, pers. comm.).

Pygmy rabbits display several traits that set
them apart from species of cottontails (Sylvila-
gus), jackrabbits (Lepus), and Old World rabbits
(Oryctolagus): (1) they are the only leporids in
the continental United States that dig their
own extensive and intercommunicating
burrows; (2) they give alarm calls and other
vocalizations; (3) they move by a low scam-
pering gait (not leaping); and (4) they are almost
totally dependent upon sagebrush (Artemisia tri-
dentata) for their diet, especially during winter
months, when it may constitute 98e99% of their
food intake (Nowak, 1991).

In the last decade, populations have been
declining in Washington, Oregon, and Califor-
nia, where sagebrush habitat has been burned,
converted to agriculture, or cleared from large
areas and replaced with bunch grasses to
improve livestock forage. Studies by the Wash-
ington Department of Fish and Wildlife
(WDFW) in 2001 determined that the Columbia
Basin population of pygmy rabbits (Douglas
County, Washington) is genetically distinct and
has been isolated from Idaho and Oregon popu-
lations for at least 7,000 years. The population
has declined precipitously from about 150
pygmy rabbits in 1995 (WDFW, 1995) to fewer
than 30 in 2001 (Hays, 2001). Since no one had
successfully bred this species in captivity, the
WDFW initiated a captive breeding program in
cooperation with Washington State University
and the Oregon Zoo. It started in December
2000, when four pygmy rabbits were brought
from the Lemhi Valley, Idaho, to the Oregon
Zoo to help develop pygmy rabbit husbandry
protocols. Later, 16 Columbia Basin pygmy
rabbits were captured as an initial source for
captive breeding efforts, and in 2002, both facil-
ities began breeding the endangered Columbia
Basin rabbits for eventual reintroduction to
a protected habitat in central Washington. The
U.S. Fish and Wildlife Service listed the

Columbia Basin pygmy rabbit population under
emergency provisions of the Endangered
Species Act on November 30, 2001 (USFWS,
2001) and provided the population full listing
status on March 5, 2003 (USFWS, 2003).

There are now about two dozen Columbia
Basin pygmy rabbits in captive breeding
programs in Washington and Oregon, but the
program did not produce many offspring in
the first 2 years. In addition, in May 2002, four
captive-bred young rabbits died in 5 days,
apparently due to gastrointestinal coccidiosis.
The coccidian species responsible for these
deaths was reported as new by Duszynski
et al. (2005). This, so far, is the only documenta-
tion of a potentially pathogenic eimerian in
pygmy rabbits, and the structure of the sporu-
lated oocyst and some of the endogenous stages
and histopathology are all the information avail-
able on this parasite (Duszynski et al., 2005).

FAMILY LEPORIDAE FISCHER,
1817

HOST GENUS BRACHYLAGUS
MILLER, 1900

EIMERIA BRACHYLAGIA
DUSZYNSKI, HARRENSTIEN,
COUCH & GARNER, 2005

Type host: Brachylagus idahoensis (Merriam,
1891), Pygmy rabbit.

Type locality: NORTH AMERICA: USA,
Washington State, Douglas County (47�670N,
119�890W).

Other hosts: None to date.
Geographic distribution: NORTH AMERICA:

USA, Washington, Oregon, Idaho.
Description of sporulated oocyst: Oocyst shape:

subspheroidal; number of walls: 2, outer ~3/4 of
total thickness; wall thickness: 0.8e1.1 (1.0);
wall characteristics: smooth; L � W (N ¼ 50):
25.6 � 23.8 (22e28.5 � 21e27); L/W: 1.1
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(1.0e1.2); M: present as a thin membranous area
at one end of oocyst with wall ending bluntly
on each side of M; OR: absent; PG: 0e1. Distinc-
tive features of oocyst: presence of a M and lack
of an OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal; L � W: 13.4 � 8.1
(11e16.5 � 7.5e9); L/W: 1.7 (1.3e2.2); SB:
present as a slightly rounded extension of the
sporocyst wall; SSB and PSB: absent; SR:
present; SR characteristics: many fine granules
evenly dispersed between SZ, usually in middle
of sporocyst; SZ: lie head-to-tail and have one
large, posterior RB. Distinctive features of
sporocysts: large posterior RB in each SZ.

Prevalence: 11/20 (55%); 8/17 in feces, 3/3 in
tissue sections of intestinal epithelium.

Sporulation: Exogenous.
Prepatent and patent periods: Unknown.
Site of infection: Epithelial cells of the prox-

imal- and mid-small intestine. No coccidial
endogenous stages were found scanning
sections of liver parenchyma for 20þ min.

Endogenous stages: Several different merogo-
nous stages were seen. These may represent
a progression in development of one stage or
theymay represent two ormore differentmerog-
onous generations (Figures 4.11e4.15 and see
Duszynski et al., 2005). If the former, early

merozoites seem to develop and bud from
a central globule in the meront (Figure 4.11)
and then enlarge until they becomewhat appear
to be fully developed meronts (Figure 4.6); these
(N ¼ 11) were subspheroidal, 14.8 � 13.9 (13e18
� 10.5e16.5), with ~46 (26e70)merozoites. Early
developing macro- and microgamonts were
indistinguishable from each other (Figure 4.7).
They (N¼ 20) were spheroidal to subspheroidal,
10.4 � 9.5 (9e11 � 7.5e10.5), and stained light
purple with the N staining somewhat darker.
The cytoplasm varied from homogeneous to
having a slight frothy appearance. The N (~2.0)
was usually centric and only rarely was a small,
non-centric nucleolus visible. Mature macroga-
monts, with clearly definedwall-forming bodies
that had not yet coalesced at the margins
(Figure 4.8), were spheroidal to subspheroidal,
14.2 � 13.7 (12e17 � 11e16). Young and mature
microgamonts (Figures 4.9, 4.10), with a central
N surrounded by homogeneous cytoplasm and
many scattered, small N that eventually end up
at the periphery, were subspheroidal, 11.9 �
10.8 (10.5e13 � 9e12). During the course of an
infection, the majority of epithelial cells on the
villi are infected with one or more endogenous
developmental stages of this parasite
(Figure 4.5).

Cross-transmission: None to date.

FIGURES 4.2, 4.3, 4.4 2. Line drawing of a sporulated oocyst of E. brachylagia. 3. Photomicrograph of sporulated oocysts
of E. brachylagia. Note the large refractile bodies in each sporozoite and the Stieda body on the pointed end of the sporocyst at
the top of the oocyst. 4. Photomicrograph of sporulated oocysts of E. brachylagia. Notice the micropyle at the top of the oocyst
wall. All figures from Duszynski et al. (2005) with permission of the Journal of Parasitology. Scale bar ¼ 10 mm in all figures.
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Pathology: Case History No. 1: A 3-wk-old
male, captive-bred rabbit was ill for less than
one day and was found dead. No gross abnor-
malities were noted other than absence of pel-
leted stool in the distal colon. Massive
numbers of developing gamonts and a lesser
number of meronts were seen in the villus enter-
ocytes of the mid-small intestine associated with
apical necrosis and mild chronic inflammation
in the lamina propria. Bacterial overgrowth
was noted in the central lumen of this section
of the intestine. The animal was emaciated
with marked atrophy of adipose stores, and
the severe intestinal coccidiosis likely contrib-
uted to this condition. The endogenous stages
were succinctly segmental in one convoluted
section of small intestine, while the cecum,
colon, and distal part of the small intestine
near the ileum were unaffected.

Case History No. 2: A 26-day-old male,
captive-bred pygmy rabbit was found in mori-
bund condition with moderate seizure-like
muscle movements. The rabbit died within 25
min despite treatment with oxygen, warmth,
fluid, dextrose, doxapram hydrochloride, and
epinephrine. Necropsy revealed reddening of
the calvarium and ingesta throughout the gut,
and formed fecal pellets in the distal colon
also were reddened, but it is not knownwhether
this was fresh blood or post-mortem artifact.
The rabbit had pneumonia, and its lungs were
consolidated with clostridial overgrowth. The
proximal- and mid-small intestine had large
numbers of endogenous developmental stages

(mostly gamonts) in villus enterocytes that
seemed to be associated with mild elongation
of villi (Figure 4.5). The presence of lymphocytes
and plasma cells in the lamina propria is
normal, but in infected villi there was a mild
to moderate increase in the number of these
infiltrates. Large numbers of unsporulated
oocysts were in the central lumen. Adipose
stores were markedly atrophic.

Case History No. 3: A wild-caught, adult
female presented with a mass in the neck region
that was diagnosed as a hemangiosarcoma. The
rabbit was humanely euthanized and micro-
scopic examination of the small intestine noted
many intraepithelial coccidial meronts and
gamonts. There were increased numbers of
lymphocytes, plasma cells, macrophages, and
hemosiderin-laden macrophages in the lamina
propria, beyond background infiltrates.

Material deposited: Photosyntypes of sporu-
lated oocysts, No. 095050.00, and tissue sections
of endogenous stages, No. 095051.00, are depos-
ited in the U.S. National Parasite Collection
(USNPC), Beltsville, MD, USA.

Remarks: Historically, the monotypic genus
Brachylaguswas included as a subgenus of Sylvi-
lagus, but as more data accumulated from pale-
ontology, morphology, serology, ecology, and
behavior, it is now accepted as a distinct genus
by most mammalogists (Green and Flinders,
1980; Nowak, 1991). Thus, it is most logical to
compare sporulated oocysts of E. brachylagia
with those found in Sylvilagus spp., still the
closest phylogenetic relative, which may be the

FIGURES 4.5e4.15 Photomicrographs of endogenous stages of E. brachylagia in villus epithelial cells of the small
intestine from a pygmy rabbit that died of coccidiosis. 5. Section through three villi; note the large number of cells with
developing meronts and/or gamonts in them. 6. Presumably mature meront (Me) with ~46 merozoites in cross-section.
7. Young developing gametocyte (Gcy); note that it is not possible at this stage to distinguish between macro- and micro-
gametocytes. 8. Macrogametocyte (Ma) with unfused wall forming bodies near the periphery of the cell. 9. Young micro-
gametocyte (Mi) with a few nuclei beginning to accumulate at the periphery of the cell. 10. Two microgametocytes (Mi) in
the same cell. 11, 12. Young meronts with ~10e12 merozoites (cross-section) budding from a central mass. 13. Young meront
with ~12 merozoites (long-section) budding from a central mass. 14, 15. Nearly mature (14) and presumably mature
(15)meronts with ~35 and 50þmerozoites, respectively. Scale bar ¼ 50 mm in Figure 5 and ¼ 10 mm in Figs. 6e1 5. All figures
from Duszynski et al. (2005) with permission of the Journal of Parasitology.
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most similar. Of the dozen Eimeria species
known to infect only Sylvilagus species, sporu-
lated oocysts of E. brachylagia are similar in
size only to those of E. environ described by
Honess (1939), from the mountain cottontail Syl-
vilagus nuttallii (Bachman) (26 � 24 [22e28.5 �
21e27] vs. 27 � 21 [22e30 � 16e23]), but their
L/W ratios are different (1.1 vs. 1.3), making E.
environ more elongate and not subspheroidal.
Oocysts of the two species also are similar by
having a M and by lacking an OR, but the M
of E. environ often has “a cap which slightly
protrudes beyond the curvature of the oocyst
wall” (Honess, 1939), which E. brachylagia lacks.
The size of the sporocysts of E. brachylagia also
are similar (13 � 8 [11e16.5 � 7.5 � 9]) to those
of E. environ (16 � 8 [13e18 � 7e10]), and both
species possess a SB. However, the sporocyst
L/W ratios are, again, different (1.7 vs. 2.0)
with those from E. brachylagia being more sub-
spheroidal, while those from E. environ are
more ellipsoidal. Finally, sporocysts of E. brachy-
lagia possess a diffuse SR, which those of
E. environ lack.

The pathogenic nature of this coccidium
seems surprising. In natural populations of
other leporids with which we are familiar, espe-
cially Lepus and Sylvilagus species, it is not
uncommon for an individual to be infected
with up to six Eimeria species at a single time
and not exhibit demonstrable pathology
(DWD, pers. obs.). Yet, when young pygmy
rabbits get infected with sporulated oocysts of
E. brachylagia, it appears that virtually every
epithelial cell on an infected villus can harbor
one or more developmental stages of the para-
site. This suggests to us that there may be
several successive generations of meronts, each

producing many merozoites, that eventually
lead to the massive concentration of the gamog-
onous stages reported infecting epithelial cells
(Duszynski et al., 2005). Whether the merogony
reported represents one or possibly two
different generations can only be a matter of
speculation due to the temporal nature of
endogenous development and the time at which
the animals were examined. One question that
arises is whether it is the nature of E. brachylagia
to be pathogenic (as is E. bovis in cattle, E. tenella
in chickens, E. stiedai in other leporids) or
whether the pathology reported was exacer-
bated by the stress of captivity. Other questions
on the biology of E. brachylagia need to be
answered soon if, indeed, this coccidium is
a contributing factor to the decline of pygmy
rabbits in the wild. Does the burrowing nature
of these rabbits contribute to the concentration
of oocysts in their natural habitat such that
animals are more likely to encounter massive
infections early in life? Are there other Eimeria
species that infect Brachylagus and may
contribute to the pathology reported? To our
knowledge, none of the pygmy rabbits of the
northwestern USA have been surveyed for
coccidia or any other parasites. What are the
mechanisms of pathogenicity? Is it simple
destruction of epithelium, in the mid-small
intestine, due to large numbers of merogonous
stages, or is some yet unknown mechanism in
operation?

Given the severe lesions associated with the
presence of E. brachylagia and the precarious
nature of this unique genetic population of
rabbits, it appears that this is an emerging path-
ogen that certainly deserves immediate further
study.
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Eimeria intestinalis Cheissin, 1948 79

Eimeria irresidua Kessel & Jankiewicz, 1931 79

Eimeria keithi Samoil & Samuel, 1977a 79

Eimeria lapierrei Aoutil, Bertani, Bordes,
Snounou, Chabaud & Landau, 2005 80

Eimeria leporis Nieschulz, 1923 81

Eimeria macrosculpta Sugár, 1979 85

Eimeria magna Pérard, 1925b 86

Eimeria matsubayashii Tsunoda, 1952 87

Eimeria media Kessel, 1929 87

The Biology and Identification of the Coccidia

(Apicomplexa) of Rabbits of the World

http://dx.doi.org/10.1016/B978-0-12-397899-8.00005-6 61 Copyright � 2013 Donald W. Duszynski and Lee Couch.

Published by Elsevier Inc. All rights reserved.



Eimeria minima Carvalho, 1943 88

Eimeria neoleporis Carvalho, 1942 88

Eimeria nicolegerae Aoutil, Bertani, Bordes,
Snounou, Chabaud & Landau, 2005 88

Eimeria perforans (Leuckart, 1879) Sluiter
& Schwellengrebed, 1912 89

Eimeria pierrecouderti Aoutil, Bertani,
Bordes, Snounou, Chabaud
& Landau, 2005 90

Eimeria piriformis Kotlán & Pospesch, 1934 91

Eimeria punjabensis Gill & Ray, 1960 92

Eimeria reniai Aoutil, Bertani, Bordes,
Snounou, Chabaud & Landau, 2005 92

Eimeria robertsoni (Madsen, 1938)
Carvalho, 1943 94

Eimeria rochesterensis Samoil & Samuel,
1977a 97

Eimeria rowani Samoil & Samuel, 1977a 98

Eimeria ruficaudati Gill & Ray, 1960 98

Eimeria sculpta Madsen, 1938 100

Eimeria semisculpta (Madsen, 1938)
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INTRODUCTION

When compared with other mammalian
orders, the Lagomorpha is not diverse and
contains just three families, Ochotonidae, Prola-
gidae, and Leporidae; the first two are mono-
generic, while the Leporidae is divided into 11
genera with 61 species. Interestingly, of the 13
genera in the Lagomorpha, eight are monotypic,
while Lepus, with 32 species, is the most speciose

and has worldwide distribution (Wilson and
Reeder, 2005). The long historical association
of several species of Lepus with humans has
fostered their economic and ecological impor-
tance worldwide. Despite this, the evolution of
hares and jackrabbits has been poorly studied.
A lack of morphological variation between
species has resulted in numerous taxonomic
revisions throughout the last two centuries
(Flux, 1983; Halanych et al., 1999). Prior to the
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recent molecular analysis (mitochondrial cyto-
chrome b) of 11 North American Lepus species
by Halanych et al. (1999), only two previous
studies have used molecular or biochemical
analyses to address the evolution and historical
biogeography of Lepus; Pérez-Suárez et al. (1994)
used mitochondrial DNA to look at speciation
in four species of Mediterranean hares, and
Robinson and Osterhoff (1983) documented
protein variation and its systematic implications
in three South African hares.

Based on fossil evidence, Hibbard (1963)
proposed that Lepus first arose in North Amer-
ica, implying that hares radiated to other conti-
nents. Given the limited scope of molecular
work to look at evolution and historical bioge-
ography within the Lagomorpha (Robinson
and Osterhoff, 1983; Pérez-Suárez et al., 1994;
Halanych et al., 1999), it is not possible to

confirm or refute this hypothesis. However,
the limited data provided by Halanych et al.
(1999) suggest that North American Lepus are
not a monophyletic clade to the exclusion of
other hares, because L. townsendii, L. arcticus,
and L. othus are in a clade separate from the
remaining North American taxa. The placement
of Old World taxa at the base of, and within the
arctic clade, suggested to them that some hares
invaded North America secondarily, perhaps
via the Beringian Asian-American land connec-
tion. In contrast, L. americanus, which ranges
across the high latitudes of the continental
USA, Canada, and Alaska, is more closely
related to taxa from the southwestern USA
and Mexico (L. alleni, L. californicus, L. callotis)
than to the arctic clade. In addition, Halanych
et al. (1999) noted deep divergence between
Lepus species pairs that hybridize in the wild
(e.g., L. timidus, L. europaeus). Hybridization
between more distantly related species allowed
Halanych et al. (1999) to argue that isolation
mechanisms (e.g., geographic, behavioral, or
ecological) may be driving speciation within
Lepus and that the known lack of chromosomal
diversity within Lepus points to mechanisms of
speciation that do not invoke the chromosomal
models suggested for other mammals (Hala-
nych et al., 1999).

Only 10 of 32 (31%) species in this genus have
been examined for coccidia, and combined, they
have been reported to harbor 43 Eimeria species
(Table 5.1); however, nine of 43 (21%) were
described originally from the domestic rabbit,
Orcytolagus cuniculus (E. exigua, E. intestinalis, E.
irresidua, E. magna, E. matsubayashii, E. media, E.
perforans, E. piriformis, E. stiedai) and four of 43
(9%) were originally described from cottontail
rabbits, Sylvilagus spp. (E. audubonii, E. minima,
E. neoleporis, E. sylvilagi). The validity of 12 of
these eimerians as bona fide parasites of Lepus
species needs to be confirmed by molecular
and/or cross-transmission work. Only E. stiedai
is known to parasitize Lepus species for certain.
It is also of interest to note that species from

FIGURE 5.1 The blacktail jackrabbit, Lepus californicus

Gray, 1837.
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other, related coccidian genera (e.g., Isospora, Car-
yospora, Cyclospora) have never been observed in
Lepus species despite the many surveys that
have been done on the members of this host
genus.

HOST GENUS LEPUS
LINNAEUS, 1758

EIMERIA AMERICANA
CARVALHO, 1943

Type host: Lepus townsendii Bachman, 1839,
White-tailed jackrabbit.

Type locality: NORTH AMERICA: USA: Iowa,
near Ames.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

USA: Iowa.
Description of sporulated oocyst: Oocyst shape:

ovoidal to elongate-ellipsoidal, tapering
toward the ends; number of walls: 1; wall

characteristics: delicate, of uniform thickness,
pinkish, with a distinct dark-brownish marginal
ridge around the M; L � W: 38 � 21 (34e43 �
18e25); L/W ratio: 1.8; M: present; M character-
istics: distinct, ~ 6 wide, with a collar-like thick-
ening around it; OR: present; OR characteristics:
distinct, granular, and spread over and among
the sporocysts; PG: absent. Distinctive features
of oocyst: marginal lip or collar around M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 17 � 7e8; SB:
present; SSB, PSB, SR: all absent; SZ: comma-
shaped, with a central N and large RB, ~5.5
wide. Distinctive features of sporocyst: absence
of SR and presence of large RB.

Prevalence: 5/12 (42%) in the type host (Car-
valho, 1943, p. 122).

Sporulation: Exogenous. Oocysts sporulated
within 55e65 (mean, 60) hr in 3% aqueous (w/
v) potassium dichromate solution (K2Cr2O7) at
30� C (Carvalho, 1943).

Prepatent and patent periods: Unknown.
Site of infection: Unknown, but probably the

intestine. Oocysts recovered from feces and
intestinal contents.

Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) was not

able to transmit this species either to the
domestic rabbit, O. cuniculus, or to the Iowa
cottontail, S. floridanus.

Pathology: Unknown.
Material deposited: None.
Remarks: This species has not been reported

since it was first described (Carvalho, 1943),
which raises some skepticism about its validity.

EIMERIA ATHABASCENSIS
SAMOIL & SAMUEL, 1977a

Type host: Lepus americanus Erxleben, 1777,
Snowshoe hare.

Type locality: NORTH AMERICA: Canada:
north-central Alberta, near Rochester.

Other hosts: None reported to date.

FIGURE 5.2 Line drawing of the sporulated oocyst of
Eimeria americana from Carvalho, 1943, with permission of
John Wiley & Sons.
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Geographic distribution: NORTH AMERICA:
Canada: Alberta.

Description of sporulated oocyst: Oocyst shape:
cylindroidal; number of walls: 2; wall thickness:
~1; wall characteristics: outer is smooth and
uniformly thick, several times thicker than
inner; L � W: 33.8 � 15.6 (24e38 � 13e17); L/
W ratio: 2.2; M: absent; OR: present: OR charac-
teristics: compact, granular, 3.5 (2e5) wide; PG:
absent. Distinctive features of oocyst: cylindroi-
dal shape and presence of compact OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongated spindle-shape, tapering
toward one end; L � W: 15.1 � 6.2 (12e18 �
6e8); L/W ratio: 2.5; SB: present; SB characteris-
tics: indistinct, light-refracting area at narrow
end; SSB, PSB, SR: all absent; SZ: with a single,
clear RB posterior to the N. Distinctive feature
of sporocyst: shape of sporocyst and its light-
refracting SB.

Prevalence: 156/629 (25%) in the type host in
Alberta, Canada (Samoil and Samuel, 1977a).

Sporulation: Exogenous. Oocysts sporulated
within 6 days in 2.5% aqueous (w/v) K2Cr2O7

solution at 20�C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Samoil and Samuel (1977a) reported

that sporulated oocysts of E. athabascensis
resemble those of E. leporis, E. ruficaudati, and
E. neoleporis. Oocysts of the first two species
have a M and/or SR, which those of E. athabas-
censis lack, while oocysts of E. neoleporis lack
an OR and the oocysts are larger than those of
E. athabascensis.

EIMERIA AUDUBONII DUSZYNSKI
& MARQUARDT, 1969

(FIGURES 7.2, 7.3)

Type host: Sylvilagus audubonii (Baird, 1858),
Desert cottontail.

Remarks: Aoutil et al. (2005) studied the Eime-
ria species in L. granatensis and L. europaeus in
France, and recorded what they provisionally
called E. audubonii in 6/46 (13%) L. granatensis,
but apparently did not find it in the 18 L. euro-
paeus they examined. The short ellipsoidal
oocysts they measured were 21 � 17 (19e24 �
14e18), without either an OR or M, and the
sporocysts were 12 � 7, without a SR, but with
SZs that each had two RB, one small and one
larger. They noted that all qualitative and quan-
titative features of the sporulated oocysts they
found were identical to those detailed by Dus-
zynski and Marquardt (1969) in their original
description of E. audubonii while they wrote,
“It is doubtful that the species we have observed
is indeed identical to that found in an American
Sylvilagus, but morphological features that
would allow to distinguish them are lacking.

FIGURES 5.3, 5.4 Line drawing of the sporulated
oocyst of Eimeria athabascensis from Samoil and Samuel,
1977a, with permission of the Canadian Journal of Zoology.
Photomicrograph of a sporulated oocyst of E. athabascensis
from Samoil and Samuel, 1977a, with permission of the
Canadian Journal of Zoology.
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Moreover, we are aware that some Sylvilagus
have been introduced in France by hunters on
a number of occasions.”We believe that thismay
be a new species from Lepus, but it is not E. audu-
bonii from Sylvilagus. We await molecular
sequence evidence to confirm that the form
from Lepus is indeed distinct from that found
in Sylvilagus species. See Chapter 7 (Figures
7.2, 7.3) for the complete description of E.
audubonii.

EIMERIA BAINAE AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

Other hosts: None reported to date.
Geographic distribution: EUROPE: France.

Description of sporulated oocyst: Oocyst shape:
ellipsoidal, slightly flattened at end with M;
number of walls: 1 (line drawing), of uneven
thickness; wall characteristics: yellowish,
thickens slightly around M; L � W: 29 � 18
(26e33 � 15e21); L/W ratio: 1.6; M: present;
M characteristics: ~6 wide, with oocyst wall
thicker near margin; OR: present; OR character-
istics: a large spheroid, ~8 wide, composed of
tightly-packed granules; PG: absent. Distinctive
features of oocyst: large, round OR of tightly-
packed granules.

Description of sporocyst and sporozoites: Sporo-
cyst shape: spindle-shaped, slightly flattened
at one end (line drawing); L �W: 15 � 8 (ranges
not given); L/W ratio: 1.9; SB: small, at flattened
end; SSB, PSB: both absent; SR: absent; SZ: with
one large RB in middle of their body (line
drawing). Distinctive features of sporocyst:
small, flat SB and a large RB mid-body in SZ.

Prevalence: Apparently found in 4/46 (9%) L.
granatensis.

Sporulation: Presumably exogenous, but the
time and temperature are not known.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 1.10) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) stated that this
species was closest morphologically to E. honessi
from S. floridanus, the Eastern cottontail of North
America, and said that because of host speci-
ficity and geographic separation they are
different species, an opinion with which we
concur. Aoutil et al. (2005) provided a line
drawing and a good photomicrograph in their
original description, but they did not deposit
either of these in an accredited museum. They

FIGURES 5.5, 5.6 Line drawing of the sporulated
oocyst of Eimeria bainae from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. bainae from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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also did not provide all of the quantitative and
qualitative information needed/expected in
a modern, standardized species description
(sporocyst L, W ranges; sizes of SZ, RB, etc.).
In presenting their description of this new
species, Aoutil et al. (2005) listed the name of
this species as “Eimeria bainae n. sp. Aoutil &
Landau”; this is not, and cannot be, the correct
authority, since there is no separate published
paper by Aoutil and Landau describing and
naming it. Thus, the full scientific name (genus,
species epithet, authority) must be as we listed it
above. Finally, Aoutil et al. (2005) raise some
doubt regarding the naming and true identity
of this species. When we compared their photo-
micrograph representing E. bainae (their
Fig. 1.10) to the photomicrograph they pre-
sented for another “species” named as new,
E. reniai (their Fig. 3.14, below), the oocysts
look nearly identical. The authors also found
these “species” in at least one common animal
(L. granatensis #20), and we wonder how they
were able to distinguish between them. When
we measured the images in their Fig. 1.10 vs.
their Fig. 3.14, the oocyst L and W were the
same for both.

EIMERIA CABARETI AOUTIL,
BERTANI, CORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

Other hosts: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

elongate-ovoidal, slightly flattened at end with
M; number of walls: 1 (line drawing), but prob-
ably 2 as the authors said, “a space is frequently
observed between the inner and outer walls”;
wall characteristics: thin, smooth, light brown,

and it thickens around M; L � W: 35 � 22
(32e38 � 20e24); L/W ratio: 1.6; M: present;
M characteristics: 5 wide, “barely convex and
slightly concave at the base,” surrounded by
oocyst wall that is thicker near the margin; OR:
present; OR characteristics: formed by 3e5
grains; PG: absent. Distinctive features of
oocyst: elongate shape that narrows slightly at
end with M and an OR consisting only of 3e5
small grains.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal, slightly pointed at one end
(line drawing); L�W: 17� 9 (ranges not given);
L/W ratio: 1.9; SB: small, at pointed end; SSB,
PSB: both absent; SR: present; SR characteristics:
well-defined, ovoidal, compact mass, composed
of small granules; SZ: with one large, elongate
RB near center of body (line drawing), but the
authors said, “two round RB, one large and
one small.” Distinctive features of sporocyst:
small SB and SZ with 1e2 RBs of different sizes.

Prevalence: Found in 4/46 (4%) L. granatensis
and in 1/9 (11%) L. europaeus.

FIGURES 5.7, 5.8 Line drawing of the sporulated
oocyst of Eimeria cabareti from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. cabareti from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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Sporulation: Presumably exogenous, but the
time and temperature are not known.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 3.16) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) provided a line
drawing and a photomicrograph of this form
in their original description, but they did not
deposit either of these in an accredited museum.
Nor did they provide all of the quantitative and
qualitative information needed and expected in
a modern, standardized species description
(e.g., age of the oocysts when studied, sporula-
tion time and temperature, sporocyst L, W
ranges; measurements of SZ, RB, etc.). The
authors say that the sporulated oocysts of this
species can be compared to those of E. coecicola
from O. cuniculus, but differ by having an OR
of only 2e3 grains vs. one that is well-defined
in E. coecicola and that there are slight differ-
ences in the shape of the SR. They noted that
their oocysts also resemble those of E. stiedai,
but differ by “its ovoid rather than ellipsoid
shape, by the presence of a more marked M
and a jutting micropyle ring.” They also
remarked that oocysts of this species may be
the same as those first seen in the Czech
Republic by Pakandl (1990), who identified it
as E. townsendi. In presenting their description
of this species, Aoutil et al. (2005) listed the
name as “Eimeria cabareti n. sp. Aoutil &
Landau”; this is not, and cannot be, the correct
authority for this species, because there is no
separate published paper by Aoutil and Landau
describing and naming it. Thus, the full scien-
tific name (genus, specific epithet, authority)
must be as we listed it above.

EIMERIA CAMPANIA (CARVALHO,
1943) LEVINE & IVENS, 1972

Synonyms: Eimeria irresidua forma campanius
Carvalho, 1943; Eimeria irresidua Kessel and Jan-
kiewicz, 1931, of Gill and Ray (1960); Eimeria
semisculpta Madsen, 1938, of Pellérdy, 1956, Pas-
tuszko (1961a, b), and Gräfner et al. (1967), pro
parte; non Eimeria semisculpta Madsen, 1938.

Type host: Lepus townsendii Bachman, 1839,
White-tailed jackrabbit.

Type locality: NORTH AMERICA: USA: Iowa,
Ames.

Other hosts: Lepus europaeus, Pallas, 1778,
European hare; Lepus nigricollis F. Cuvier, 1823,
Indian hare (syn. Lepus ruficaudatus).

Geographic distribution: NORTH AMERICA:
USA: Iowa; EUROPE: (former East) Germany,
Hungary, Italy, Poland; ASIA: India, Punjab,
District Ludhiana, Uttar Pradesh, Kashipur.

Description of sporulated oocyst: Oocyst shape:
cylindroidal to ellipsoidal with an elongated
neck; number of walls: 2; wall characteristics:
outer is thin, brownish, and markedly granu-
lated on one end after being in K2Cr2O7 solution

FIGURE 5.9 Line drawing of the sporulated oocyst of
Eimeria campania from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.

5. COCCIDIA FROM LEPUS68



for several days; inner is thicker and colorless ;
L � W: 38 � 25 (35e45 � 22e27); L/W ratio:
1.5; M: present; M characteristics: 6e8 wide,
atop an elongated neck, but without a ridge
around the outside; OR, PG: both absent.
Distinctive features of oocyst: its unique shape
with an elongated neck and the lack of an OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: oblong-fusiform; L � W: 18 � 9
(ranges not given); L/W ratio: 2.0; SB: present;
SSB, PSB: both absent; SR: present; SR character-
istics: consists of large granules; SZ: elongate
with one end wider than the other, lying length-
wise head-to-tail and having a clear RB at the
wide end. Distinctive features of sporocyst: fusi-
form shape and a SR of large granules.

Prevalence: 2/12 (17%) in the type host (Car-
valho, 1943); Pastuszko (1961a, b) found it in
46/462 (10%) L. europaeus in Poland; Gräfner
et al. (1967) found it in 3/176 (1.6%) L. europaeus
in (former East) Germany.

Sporulation: Exogenous. Oocysts sporulated
within 3e4 days at room temperature (Pellérdy,
1956).

Prepatent and patent periods: Unknown.
Site of infection: Unknown, presumably in the

intestine. Oocysts recovered from feces.
Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) was not

able to transmit this species either to the
domestic rabbit, O. cuniculus, or to the Iowa
cottontail, S. floridanus. Pellérdy (1956) could
not infect the domestic rabbit with it.

Pathology: Unknown.
Material deposited: None.
Remarks: Carvalho (1943) did not describe

this form, saying that its oocysts had the same
structure and dimensions as those of E. irresidua
from the domestic rabbit, and he called it E. irre-
sidua forma campanius. He illustrated the oocyst,
however, with a ridge around the M, a structure
which E. irresidua does not have, so Levine and
Ivens (1972) emended the name. The oocyst
and sporocyst descriptions (above) are based
on the observations of Carvalho (1943) and

Pellérdy (1956, 1965). Pellérdy (1956) reported
it from Hungary, Pastuszko (1961a, b) from
Poland, and Gräfner et al. (1967) from (former
East) Germany, but they called it E. semisculpta
Madsen, 1938. However, it differs from E. semi-
sculpta in lacking an OR. Further, Pellérdy
(1956) commented that Carvalho (1943) had
not seen the anterior “granulations” that he
saw; nevertheless, Pellérdy used the same
name for the two forms. The form reported as
E. irresidua from L. nigricollis (syn. L. ruficauda-
tus) by Gill and Ray (1960) was more likely E.
campania. Tacconi et al. (1995) found this species
(which they called E. semisculpta) in some
breeding farms raising L. europaeus in Italy; their
ellipsoidal oocysts were 35e45 � 22e27 with
aM, andwithout an OR; this species was always
found concurrently with E. leporis. Terracciano
et al. (1988) identified oocysts of this species
(which they also called E. semisculpta) in L. euro-
paeus from three protected areas in the Province
of Pisa, Italy. The ovoidal to cylindroidal oocysts
they studied were 35e45 � 22e27 with a M 6e8
wide, and they lacked an OR, while their sporo-
cysts had a distinct SR.

EIMERIA COQUELINAE AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Synonym: Eimeria gresae of Aoutil et al., 2005
(see Remarks for E. gresae under Species Inquiren-
dae, below).

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Type locality: EUROPE: France: specific
locality not stated.

Other hosts: Lepus granatensis Rosenhauer,
1956, Granada hare.

Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

short ellipsoidal, slightly flattened at end with
M; number of walls: 1 (line drawing), but prob-
ably 2, of uneven thickness; wall characteristics:
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outer is brownish, thickens slightly around M,
and is finely granular, but this is best seen
only after the oocyst wall(s) has broken; L �
W: 35 � 23 (32e39 � 20e26); L/W ratio: 1.5;
M: present; M characteristics: ~7e8 wide, with
oocyst wall thicker near margin; OR: present;
OR characteristics: a large mass of irregular
contour, ~11 wide, composed of medium,
tightly packed, granules; PG: absent. Distinctive
features of oocyst: large M, ~7e8 wide, and
large, OR, ~11 wide, and of irregular shape.

Description of sporocyst and sporozoites: Sporo-
cyst shape: spindle-shaped, slightly pointed at
one end (line drawing); L � W: 19 � 9 (ranges
not given); L/W ratio: 2.1; SB: small, at pointed
end; SSB, PSB: both absent; SR: absent; SZ:
with one large RB in middle of their body (line
drawing). Distinctive features of sporocyst:
small, pointed SB and a large, round to ellipsoid
RB mid-body in SZ.

Prevalence: Apparently found in 2/9 (22%) L.
europaeus (which must be the type host since
their figure 1.11, from L. europaeus, was desig-
nated the holotype, Aoutil et al., 2005) and in
2/46 (4%) L. granatensis.

Sporulation: Presumably exogenous, but the
time and temperature are not known.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 1.11) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) stated that oocysts
of this species were closest morphologically to
those “wrongly referred to by most authors as
E. robertsoni Madsen, 1938.” Their argument
centered on the differences between the forms
described by Madsen (1938) as E. magna var. rob-
ertsoni from L. arcticus in Greenland, the oocysts
Carvalho (1943) called E. robertsoni from L. town-
sendii collected in Iowa, USA, and the oocysts
Pellérdy (1956) also called E. robertsoni from L.
europaeus in Hungary. They remarked that Bouv-
ier (1967) found “the species of Pellérdy in
Switzerland,” and said it was a parasite of the
cecum, while the E. robertsoni from North Amer-
ica was located in the duodenum. Thus, they
argued, “we think that the name ‘robertsoni’
which appears to refer to three different species,
should be abandoned.” Unfortunately, they
proposed no solution as to how the forms now
relegated to E. robertsoni by these and other
authors should be named (also see Remarks
under E. robertsoni below). They only offered
that this form could be distinguished from the
Greenland species by being significantly more
rounded, and from the Hungarian and North
American species by being smaller and broader.
Aoutil et al. (2005) provided a line drawing and
a good photomicrograph of this form in their
original description, but they did not deposit
either of these in an accredited museum. Nor
did they provide all of the quantitative and qual-
itative information needed and expected in

FIGURES 5.10, 5.11 Line drawing of the sporulated
oocyst of Eimeria coquelinae from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. coquelinae
from Aoutil et al., 2005, with permission of the authors and
from (the journal) Parasite.
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a modern, standardized species description (e.g.,
age of the oocysts when studied, sporulation
time and temperature, sporocyst L, W ranges;
measurements of SZ, RB, etc.). This was disap-
pointing to us as it seems below acceptable stan-
dards. In presenting their description of this
species as new, Aoutil et al. (2005) listed the
name as “Eimeria coquelinae n. sp. Aoutil &
Landau”; this is not, and cannot be, the correct
authority for this species, since there is no sepa-
rate published paper by Aoutil and Landau
describing and naming it. Thus, the full scientific
name must be as we have listed it above. Finally,
Aoutil et al. (2005) described the oocysts of what
they said was another form, which they named
E. gresae (which they spelled ‘grease’ earlier in
their paper, thus creating a nomen nudum), that
they recorded in 6/46 (13%) L. granatensis and
in 3/9 (33%) L. europaeus. Given their measure-
ments, (incomplete) descriptions, photomicro-
graphs (their Figs. 1.11 vs. 1.12) and line
drawings (their Figs. 2.11 vs. 2.12), there is no
question in our minds that these are variations
on a theme and should be considered synonyms.
Once again, the authors listed the name of this
other species as “Eimeria gresae n. sp. Aoutil &
Landau,” which is not, and cannot be, the correct
authority for this species, since there is no sepa-
rate published paper by Aoutil and Landau
describing and naming it.

EIMERIA EUROPAEA
PELLÉRDY, 1956

Synonyms: Eimeria perforans of Bouvier (1967);
Eimeria belorussica Litvenkova, 1969.

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Type locality: EUROPE: Hungary.
Other hosts: Lepus capensis L., 1758, Cape hare;

Lepus timidus L., 1758, Mountain hare.
Geographic distribution: ASIA: Byelorussia (of

former USSR); Lithuania (of former USSR);
EUROPE: Austria, Bulgaria, Czech Republic,

France, (former East) Germany, Hungary, Italy,
Poland, Spain, Switzerland; MIDDLE/NEAR
EAST: Turkey.

Description of sporulated oocyst: Oocyst shape:
oblong-ellipsoidal or fusiform, tapering at both
ends (although illustrated as ovoidal with a flat
top); number of walls: 2; wall characteristics:
thin, of equal thickness throughout except at
the end with a M, inner is dark, outer is pale; L
� W: 32 � 18 (26e34 � 15e20); L/W ratio: 1.8;
M: present; M characteristics: darker in color
than the rest of thewall, 6e9wide,with a slightly
protrusive marginal ring (“lappet”) that forms
a distinct collar or auricle-like projection around
edges; OR: present: OR characteristics: coarse
granules in a spheroidal or angular mass; PG:
absent. Distinctive feature of oocyst: its distinct
shape with auricle-like edges around the M
and a large, granular OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: spindle-shaped or elongate-ovoidal,
slightly pointed at one end (line drawing); L �

FIGURES 5.12, 5.13 Line drawing of the sporulated
oocyst of Eimeria europaea from Levine and Ivens, 1972, with
permission of the Journal of Protozoology. Photomicrograph
of a sporulated oocyst of E. europaea from Pakandl (1990)
with permission of Folia Parasitologica.
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W: 9 � 6 (ranges not given); L/W ratio: 1.5; SB:
reported as absent in original description, but it
is likely present, but very small at the slightly
pointed end of sporocyst; SSB, PSB: both absent;
SR: occasionally seen; SR characteristics: small,
centrally placed granules between SZs; SZ:
comma-shaped with RB at thicker end. Distinc-
tive features of sporocyst: tiny SB and a SR con-
sisting only of a few granules.

Prevalence: Pastuszko (1961a) found this
species in 61/462 (13%) L. europaeus in Poland;
Gräfner et al. (1967) found it in 9/176 (5%) L.
europaeus in (former East) Germany; Arnastaus-
kene and Kazlauskas (1970) found it in 4/41
(10%) L. europaeus in Lithuania; Gottschalk
(1973) reported a prevalence of 46.7% for this
species in L. europaeus in Germany; and Sugár
et al. (1978) found it in 52/374 (14%) in Hungary.
MorenoMontañez et al. (1979) found this species
in 27/42 (64%) of L. capensis in Spain. In the
Czech Republic, Chroust (1984) reported a preva-
lence of 9.4%, while Pakandl (1990), also in the
Czech Republic, surveyed L. europaeus from
1983e1985 and reported finding 85/350 (24%)
infected with this species. Taşan and Özer
(1989), in Turkey, said it occurred in 69% of the
40 hares they surveyed between 1985 and 1987.

Sporulation: Exogenous. Oocysts sporulated
within 3e4 days (Pellérdy, 1956); 48e56 hr at
23�C in 3% K2Cr2O7 solution (Golemanski,
1975), or 4 days at 20�C (Romero-Rodriguez,
1976).

Prepatent and patent periods: Unknown.
Site of infection: Unknown, presumably the

intestine. Oocysts recovered from feces.
Endogenous stages: Unknown.
Cross-transmission: Pellérdy (1956) was not

able to infect the domestic rabbit, O. cuniculus,
with this species isolated from L. europaeus.

Pathology: Tacconi et al. (1995) found this
species in the intestinal contents of four dead
juvenile L. europaeus in Italy. The oocysts were
always found with E. hungarica, E. robertsoni,
and E. townsendi in these dead hares, which all
showed severe enteritis as the cause of death.

Material deposited: None.
Remarks: Mensural data on the description of

sporulated oocysts (above) is from Pellérdy
(1956), who thought these oocysts resembled
those of E. americana in shape and structure of
the M, but they differed by being smaller in
length and by having a compact OR rather
than one that is dispersed. Bouvier (1967) called
the form that he found in L. europaeus in
Switzerland E. perforans. He said that it differed
from E. robertsoni essentially only in the smaller
size of its oocysts. However, genuine oocysts of
E. perforans have never been found in Lepus and
it does not have a conspicuous M. Bouvier’s
description (1967) fits that of E. europaea more
closely than that of any other species of Eimeria
from Lepus, and therefore, we assign it to this
species. Litvenkova (1969) examined both L.
europaeus and L. timidus in Byelorussia, but it is
not certain from her description whether she
found this species in both or only one host
species. Pastuszko (1961a) said the ellipsoidal
oocysts were 30 � 17 (25e30.5 � 15e20) with
a M and OR. Golemanski (1975) said that the
oocysts were 33 � 18 (26e36 � 14e20) with
sporocysts 8e11 � 5e8. Romero-Rodriguez
(1976) found this species in the Cape hare in
Granada, Spain, and said the ellipsoidal oocysts
were 32.8� 18.2 (26e35� 15e21) with the outer
wall thickened around the M (9.5 wide), and
sporocysts 8.7 � 5.9 (7.5e10 � 4e8), with a SB.
Oocysts studied by Moreno Montañez et al.
(1979) in L. capensis from Spain were 28e35 �
17e22 with sporocysts about 15� 8. Terracciano
et al. (1988) identified this species (which they
called E. belorussica) in L. europaeus from three
protected areas in the Province of Pisa, Italy;
the ellipsoidal oocysts they studied were
26e28 � 14e16 with a M and a SR, but without
an OR. The oocysts measured by Pakandl (1990)
were 29.3 � 18.1 (26e33� 14.5e20) with a M 4.0
(3e4.5) wide, an OR 7 (3.5e9) wide, and sporo-
cysts that were 15.7 � 6.6 (13e17 � 5.5e7). Tac-
coni et al. (1995) found this species in the
intestinal contents of four dead juvenile
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L. europaeus from a breeding farm in Italy. Their
ellipsoidal oocysts were 26e34 � 15e20, with
both aM and an OR and this species was always
found with E. hungarica, E. robertsoni, and E.
townsendi in these dead hares. Aoutil et al.
(2005) studied the Eimeria species in L. granaten-
sis and L. europaeus in France, and recorded this
species in 1/18 (5.5%) L. europaeus, but appar-
ently did not find it in 46 L. granatensis they
examined. The elongate oocysts they measured
were 31 � 19 (30e35 � 17e21), with both an
OR ~9 wide and a dome-like M (~3e5 wide);
the sporocysts were 19 � 9, with a SR formed
by a poorly defined aggregation of small gran-
ules. The SZ each had one elongated RB.

EIMERIA EXIGUA YAKIMOFF, 1934
(FIGURES 6.4, 6.5)

Type host: Oryctolagus cuniculus (Linnaeus,
1758) (syn. Lepus cuniculus), European
(domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit in Russia.
It may be a synonym of E. perforans (Cheissin,
1947a, 1967). Matschoulsky (1941) said he found
oocysts that resembled this species in L. timidus
from Buryat-Mongol (former USSR) and that the
spheroidal oocysts were 15.7 � 13.6 (15e18 �
13e15) with sporocysts 7e8 � 4e5. Ry�savý
(1954) said he found this species in L. europaeus
in the Czech Republic; its oocysts were 18.1 �
12.9 (16.5e21 � 10e17.5), with sporocysts 6.5
� 3.0, and these oocysts sporulated in 36e48
hr. The parasite was found in the duodenum
and small intestine of hares and rabbits, but
only in a very small percentage (Ry�savý, 1954).
In an unpublished Master’s thesis, Ogedengbe
(1991) said he found this species in 19% of the
rabbits surveyed in Kaduna State, Nigeria.
However, he (1991) neglected to state how
many rabbits were surveyed, nor did he
mention the host species; Anonymous (2012)
lists the Cape hare, L. capensis, as the only

lagomorph species found in Nigeria. See
Chapter 6 (Figures 6.4, 6.5) for the complete
description of this species.

EIMERIA GANTIERI AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

Other hosts: None reported to date.
Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

ovoidal, slightly flattened at endwithM; number
of walls: 1 (line drawing), of uneven thickness;
wall characteristics: light brown, described as
sculptured, with the top 2/3 appearing finely
granular (Aoutil et al., 2005), while their photo-
micrograph shows that the entire oocyst appears
to be rough and sculptured (their Fig. 1.7); L�W:
30 � 22 (29e33 � 20e24); L/W ratio: 1.4; M:
present; M characteristics: ~4 wide and wall

FIGURES 5.14, 5.15 Line drawing of the sporulated
oocyst of Eimeria gantieri from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. gantieri from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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thickens near margin surrounding it; OR:
present; OR characteristics: a few small granules
often hidden by sporocysts (line drawing); PG:
absent. Distinctive features of oocyst: sculptured
wall and presence of a M and a tiny OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal or elongate-ovoidal,
slightly tapered at one end; L � W: 16 � 9
(ranges not given); SB: tiny, present at tapered
end; SSB, PSB: both absent; SR: a compact
ovoidal mass of small granules; SZ: comma-
shaped, with one large, RB at widest end (line
drawing). Distinctive features of sporocyst:
tiny SB, large RB in SZ.

Prevalence: Apparently found in only 1/46
(2%) L. granatensis.

Sporulation: Unknown.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 1.7) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) stated that the
ornate anterior half of the oocyst wall, the small
OR of only a few granules, the “more roundish
shape,” and its relatively small size distinguish
this form as a new species. They (2005) provided
a line drawing and a good photomicrograph in
their original description, but they did not
deposit either of these in an accredited museum,
nor did they provide all of the quantitative and
qualitative information needed and expected in
a modern, standardized species description
(sporocyst L, W ranges; measurements of OR,
SR, SZ, RB, etc.). This is disappointing and
below normal standards. Finally, in presenting
their description of this new species Aoutil
et al. (2005) listed the name as “Eimeria gantieri
n. sp. Aoutil & Landau”; this is not, and cannot

be, the correct authority for this species, since
there is no separate published paper by Aoutil
and Landau describing and naming it. Thus,
the full scientific namemust be as we have listed
it above.

EIMERIA GOBIENSIS GARDNER,
SAGGERMAN, BATSAIKAN,

GANZORIG, TINNIN &
DUSZYNSKI, 2009

Type host: Lepus tolai Pallas, 1778, Tolai hare.
Type locality: ASIA: Mongolia: Ulziyt Uul,

1,640 m alt., 44�4100900N, 102�0005700E.
Other hosts: None reported to date.
Geographic distribution: ASIA: Mongolia.
Description of sporulated oocyst: Oocyst shape:

elongate-ellipsoidal; number of walls: 2; wall
thickness: ~2.1 of uneven thickness; wall charac-
teristics: outer is pale blue to transparent,
smooth, ~3/4 of total thickness, inner is yellow;
L � W: 38.6 � 24.2 (27e49 � 19e32.5); L/W

FIGURES 5.16, 5.17 Line drawing of the sporulated
oocyst of Eimeria gobiensis from Gardner et al., 2009, with
permission of the authors and the Journal of Parasitology.
Photomicrograph of a sporulated oocyst of E. gobiensis from
Gardner et al., 2009, with permission of the authors and the
Journal of Parasitology.
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ratio: 1.6 (1e3); M: present; M characteristics:
wall thickens near margin making it appear
triple-layered, ~3 wide; OR: present; OR charac-
teristics: large compact mass of tiny granules,
12.1 � 10.8 (10e18 � 9e17); PG: absent. Distinc-
tive features of oocyst: distinct M at tapered end
and large, compact OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal, slightly tapered at one
end; L � W: 15.0 � 7.7 (9e21 � 5e12); SB:
present at tapered end; SSB, PSB, SR: all absent;
SZ: with one large, posterior RB, 6.1 � 4.8 (4e11
� 3e8). Distinctive features of sporocyst: no SR
and large RB in SZ.

Prevalence: 1/1 (100%) in type host.
Sporulation: Unknown. Oocysts were 3,343

days old when measured and photographed.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from intestinal contents.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: Photosyntypes of sporu-

lated oocysts in the Harold W. Manter Labora-
tory of Parasitology, phototype collection,
Lincoln, Nebraska, USA, No. 49155. Skin, skull,
skeleton, and tissues of the symbiotype host are
in the Mammal Division, Museum of South-
western Biology, University of New Mexico,
Albuquerque, New Mexico, USA (accession
number not given).

Remarks: Sporulated oocysts of this species do
not closely resemble those from other leporids
of Eurasia. They can be easily distinguished
from E. hungarica Pellérdy, 1956, E. leporis Nie-
schulz, 1923, E. punjabensis Gill and Ray, 1960,
E. robertsoni Madsen, 1938, E. ruficaudatus Gill
and Ray, 1960, E. septentrionalis Yakimoff et al.
1936, and E. stefanskii Pastuszko, 1961, by having
two distinct oocyst wall layers that the others
lack. They differ from E. campania Carvalho,
1943 and E. townsendi Pellérdy, 1956, by having
a massive, well-developed OR, which these
others lack. And they differ from E. europaea

Pellérdy, 1956, by having much larger oocysts,
38.6 � 24.2 vs. 26e34, respectively.

EIMERIA GROENLANDICA
MADSEN, 1938 EMEND.
LEVINE & IVENS, 1972

Synonym: Eimeria perforans var. groenlandica
Madsen, 1938, pro parte.

Type host: Lepus arcticus Ross, 1819, Arctic
hare.

Type locality: GREENLAND: East side, near
Eskimonaes, 74�050N lat.

Other hosts: None reported to date.
Geographic distribution: GREENLAND.
Description of sporulated oocyst: Oocyst shape:

broadly ellipsoidal; number of walls: 1; wall
thickness: ~1; wall characteristics: colorless
and smooth; L �W: ~28 � 21 (23e33 � 17e26);
L/W ratio: 1.3; M: narrow, plug-shaped, if
present; OR: present; OR characteristics: small,
4e7 wide; PG: absent. Distinctive features of
oocyst: small M (if present).

FIGURE 5.18 Line drawing of the sporulated oocyst of
Eimeria groenlandica from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.
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Description of sporocyst and sporozoites: Sporo-
cyst shape: spindle-shaped; L �W: 13e9 � 7e8;
SB: present; SB characteristics: peg-shaped; SSB,
PSB: both absent; SR: present in some sporocysts;
SR characteristics: when visible, present only as
a few granules; SZ: elongate with one end
broader than the other, lying lengthwise head-
to-tail with a clear RB at the large end. Distinctive
features of sporocyst: peg-shape of SB.

Prevalence: Reported in 11/22 (50%) of the
hares examined by Madsen (1938), but he may
have been dealing with a mixture of this species
and E. robertsoni.

Sporulation: Exogenous. Oocysts sporulated
in a saturated sodium chloride solution.

Prepatent and patent periods: Unknown.
Site of infection: Thought to be in the intestine

as oocysts were recovered from intestinal
contents.

Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Madsen (1938) originally gave the

oocyst dimensions as 33 � 22 (23e40 �
17e27), but Carvalho (1948) and Pellérdy
(1956) said that the larger oocysts were actually
those of E. robertsoni. To our knowledge, this
species has not been seen or reported since its
original description, which raises some skepti-
cism about its validity.

EIMERIA HOLMESI SAMOIL
& SAMUEL, 1977a

Type host: Lepus americanus Erxleben, 1777,
Snowshoe hare.

Type locality: NORTH AMERICA: Canada:
Alberta, Rochester.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

Canada: Alberta.
Description of sporulated oocyst: Oocyst shape:

spheroidal to subspheroidal; number of walls:

2; wall thickness: ~1; wall characteristics: outer
is smooth and uniformly thick; L � W: 15.1 �
14.8 (13e19 � 12e19); L/W ratio: 1.0; M: absent;
OR: present; OR characteristics: small, compact,
granular; PG: absent. Distinctive features of
oocyst: spheroidal shape, small size, and lack
of a M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal, tapering toward one
end; L�W: 10.4� 5.2 (10e11� 5e6); L/Wratio:
2.0; SB: present; SB characteristics: an indistinct
light refracting area at narrow end; SSB, PSB:
both absent; SR: present; SR characteristics:
small, compact and granular; SZ: with one RB
that is lateral or posterior to N. Distinctive
features of sporocyst: unusual SB on sporocyst
and RB in SZ.

Prevalence: 30/629 (5%) in the type host.
Sporulation: Exogenous. Oocysts sporulated

within 6 days in 2.5% aqueous (w/v) K2Cr2O7

solution at 20�C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.

FIGURES 5.19, 5.20 Line drawing of the sporulated
oocyst of Eimeria holmesi from Samoil and Samuel, 1977a,
with permission of the Canadian Journal of Zoology. Photo-
micrograph of a sporulated oocyst of E. holmesi from Samoil
and Samuel, 1977a, with permission of the Canadian Journal
of Zoology.
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Remarks: This species most closely resembles
E. hungarica and E. punjabensis, but it is smaller
than E. punjabensis and possesses a SR, which
is lacking in both.

EIMERIA HUNGARICA
PELLÉRDY, 1956

Synonyms: Eimeria exigua Yakimoff, 1934 of
Pellérdy, 1954, pro parte; Eimeria minima Car-
valho, 1943, pro parte; Eimeria minima Yakimoff,
1943 of Gill and Ray, 1960; Eimeria orbiculata
Lucas, Laroche and Durand, 1959; Eimeria orbi-
culata of Aoutil et al., 2005.

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Type locality: EUROPE: Hungary.
Other hosts: Lepus nigricollis F. Cuvier, 1823

(syn. Lepus ruficaudatus), Indian hare; Lepus
capensis L., 1758, Cape hare; Lepus granatensis
Rosenhauer, 1956, Granada hare; Lepus timidus
L., 1758, Mountain hare (?).

Geographic distribution: ASIA: India, Punjab,
District Ludhiana; Uttar Pradesh, Kashipur;
Republic of Belarus (Byelorussia of the former
USSR) (?) Lithuania (of former USSR); EUROPE:

Austria, Bulgaria, Czech Republic, France,
(former East) Germany, Hungary, Italy, Norway,
Poland, Portugal, Spain, Sweeden, Switzerland.

Description of sporulated oocyst: Oocyst shape:
spheroidal to subspheroidal; number of walls:
1; wall characteristics: thin, smooth, colorless;
L � W: 14 � 13 (12e15 � 11e14); L/W ratio:
1.1; M: absent; OR: 1e3 granules (“grains”)
between sporocysts, which according to Pel-
lérdy (1974) comprise an OR, but these are
sometimes called a PG by others; PG: may or
may not be present e the distinction between
the OR and the PG in this species is not clear-
cut. Distinctive features of oocyst: small size,
absence of M, and the small grains/granules
that compose the OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: short and “stocky,” but no mensural
data given by Pellérdy (1956); Pakandl (1990)
said they were 8.5 � 5.0 (7.5e10 � 4.5e6); SB:
apparently absent, but sporocysts are stout
and tightly confined within the walls of the
sporocyst, so a small SB may have been missed;
SSB, PSB, SR: all absent; SZ: contain a single
large, clear RB. Distinctive features of sporocyst:
stout shape, packed within the confines of the
oocyst wall, and lack of SR.

Prevalence: Pastuszko (1961a) found this
species in 22/462 (5%) L. europaeus in Poland;
Gräfner et al. (1967) found it in 58/176 (33%)
L. europaeus in (former East) Germany; and
Bouvier (1967) found this species rarely in
Switzerland and thought that it had been
imported quite recently at the time. Litvenkova
(1969) said, “Of 52 hares (Lepus europaeus L. and
L. timidus L.) coccidian oocysts were found in 22
(42.3%),” but she did not say whether E. hungar-
icawas found in one or both of the Lepus species.
Arnastauskene and Kazlauskas (1970) found it
in 10/41 (24%) L. europaeus in Lithuania; and
Sugár et al. (1978) found it in 10/374 (<3%) L.
europaeus in Hungary. Moreno Montañez et al.
(1979) found this species in 27/42 (64%) L. capen-
sis in Spain. In the Czech Republic, Pakandl
(1990) surveyed L. europaeus from 1983e1985

FIGURE 5.21 Line drawing of the sporulated oocyst of
Eimeria hungarica from Pellérdy, 1956, in Acta Veterinaria

Academiae Scientiarum Hungaricae with permission of the
Editor, Acta Veterinaria Hungarica (legal successor to the
former).
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and found only 24/350 (7%) infected with this
species.

Sporulation: Exogenous. Oocysts sporulated
within 2e3 days at room temperature (Pellérdy,
1956; Pastuszko, 1961a).

Prepatent and patent periods: Unknown.
Site of infection: Pellérdy (1974) speculated

this parasite localized in the small intestine,
and Pastuszko (1961a) and Pakandl (1990)
confirmed this observation; however, Goleman-
ski (1975) said he found oocysts in the cecum.

Endogenous stages: Unknown.
Cross-transmission: Pellérdy (1954a, b) failed to

infect 11 4-wk-old domestic rabbits,O. cuniculus,
with this species isolated from L. europaeus. He
(1956) also could not infect five young domestic
rabbits, norwas he able to infect 15 young rabbits
with a mixture of “all Eimeria species known to
occur in the hare in Hungary”; this mixture
may have included E. hungarica. Burgaz (1973)
was unable to transmit E. hungarica oocysts
from L. timidus to O. cuniculus, but her paper
must be viewed with caution (see Chapter 6).

Pathology: Bouvier (1967) recovered this
species in the European hare in Switzerland
and said that the hare had severe enteritis.
Post-mortem examination of the cachectic
carcass revealed extensive epithelial desquama-
tion and hemorrhagic inflammation in the intes-
tine. Masses of endogenous stages were seen
microscopically in the affected areas. The cause
of the enteritis was purported to be a mixed
infection with E. leporis, E. robertsoni, and,
chiefly, E. hungarica, but since the endogenous
stages of this species are unknown, we don’t
know how Bouvier (1967) made this decision.
Tacconi et al. (1995) found this species in the
intestinal contents of four dead, juvenile L. euro-
paeus in Italy. The oocysts were always found
with E. europaea, E. robertsoni, and E. townsendi
in these dead hares, which all showed severe
enteritis as the cause of death.

Material deposited: None.
Remarks: The mensural data provided for the

sporulated oocyst (above) are based on Pellérdy

(1956) and Pastuszko (1961a). This eimerian
resembles E. exigua from Oryctolagus and E.
minima from Sylvilagus, but because his
previous cross-infection studies failed Pellérdy
(1956) determined that this species is host
specific and named it for the first time. Lucas
et al. (1959) found what they thought was
a new species, E. orbiculata, from L. europaeus,
but the description was essentially identical to
that of E. hungarica; thus, Pellérdy (1974) synon-
ymized it with E. hungarica, a decision with
which we agree. Madsen (1938) considered the
small, spherical oocysts found in East
Greenland hares as a variety of E. exigua, but
Pellérdy (1974) thought he was likely dealing
with E. hungarica. Pellérdy (1956, 1965) said
that the form which Madsen (1938) found in
the Greenland hare and named E. exigua var. sep-
tentrionalis was actually a mixture of forms and
he assigned the subspherical ones to E. hungar-
ica. However, its oocysts were much larger (27
� 33) and they had sporocysts with SB and SR,
so it cannot be this species. Gill and Ray (1960)
described a form from L. nigricollis (syn. L. rufi-
caudatus) under the name E. minima, but it was
probably E. hungarica, and the form that Lucas
et al. (1959) saw in France and named E. orbicu-
lata is a junior synonym of E. hungarica (Bouvier,
1967). Pastuszko (1961a) said the small, sphe-
roidal oocysts were 12e15 � 11e14, with
a thin wall and no M. Golemanski (1975) said
the oocysts were spheroidal, 15 (13e16) wide.
The oocysts measured by Pakandl (1990) were
14.3 � 13.7 (12.5e17 � 12.5e15) without a M,
but with an OR, and sporocysts were 8.5 � 5.0
(7.5e10e17 � 4.5e6). Berg (1981) reported this
species in hares fromNorway, but gave no other
information. Tacconi et al. (1995) found this
species in the intestinal contents of four dead
juvenile L. europaeus from a breeding farm in
Italy. The round oocysts were 13e15 � 12e14,
without a M, but with an OR; this species was
always found with E. europaea, E. robertsoni,
and E. townsendi in these dead hares. Oocysts
studied by Moreno Montañez et al. (1979) in
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L. capensis from Spain were 13e15 � 13e14 with
sporocysts about 8 � 5. Terracciano et al. (1988)
identified this species in L. europaeus from one of
three protected areas in the Province of Pisa,
Italy. The spheroidal oocysts they studied were
13e15 � 12e14 without a M, OR, or SR. Vila-
Viçosa and Caeiro (1997) reported this species
in L. capensis in Portugal, with the spheroidal
oocysts being 13.2 � 12.3. Aoutil et al. (2005)
studied the Eimeria species in L. granatensis
and L. europaeus in France, and recorded this
species in 2/46 (4%) L. granatensis, but appar-
ently did not find it in the 18 L. europaeus they
examined. The subspheroidal oocysts they
measured were 13 � 13 (12e16 � 12e15), with
an OR, but without a M, and the sporocysts
were 9 � 5, without a SR, and had SZ which
each had two RB. They described these oocysts
under the name E. orbiculata, which we and
others (Pellérdy, 1956; Bouvier, 1967) consider
to be a junior synonym of E. hungarica.

EIMERIA INTESTINALIS CHEISSIN,
1948 (FIGURES 6.8, 6.9)

Type host: Oryctolagus cuniculus (L., 1758),
European (domestic, tame) rabbit.

Remarks: Mandal (1976) said he found oocysts
of this species in the intestine of a Lepus sp. from
Kashipur, India. The oocysts were piriform,
25e30 � 17.5e20, with an OR; he reported the
sporocysts to be ovoidal with an SR and sporula-
tion time was 2e3 days. See Chapter 6 (Figures
6.8, 6.9) for a complete species description.

EIMERIA IRRESIDUA
KESSEL & JANKIEWICZ, 1931

(FIGURES 6.10, 6.11)

Type host: Oryctolagus cuniculus (L., 1758),
European (domestic, tame) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,

by Kessel and Jankiewicz (1931) from southern
California, USA, and it since has been found in
rabbits worldwide. It has been reported from
L. nigricollis (syn. L. ruficaudatus), the Indian
hare, but its identity in Lepus species needs to
be verified. Ry�savý (1954) said he found this
species in L. europaeus in the Czech Republic
with oocysts that were 35.8 � 21.4 (29e43 �
14e27), with sporocysts 11 � 7, and that these
oocysts sporulated in 50e60 hr. The parasite
was found in the small intestine and was abun-
dant in the hares and rabbits they sampled
(Ry�savý, 1954). Gill and Ray (1960) reported
finding this species both in the domestic rabbit
and in L. nigricollis (syn. L. ruficaudatus) collected
in India. The measurements they gave for spor-
ulated oocysts were only for oocysts collected
from domestic rabbits, but they included a line
drawing of an oocyst they said was from L. nig-
ricollis and four line drawings of oocysts they
said were from O. cuniculus and the five draw-
ings show definite similarities. Finally, Mandal
(1976) said he found this species in the intestine
of a Lepus sp. from Punjab, India. The ovoidal
oocysts were 25e37.5 � 17.5e24.8 and lacked
an OR; ovoidal sporocysts were 18 � 9 with
a SR. See Chapter 6 (Figures 6.10, 6.11) for the
complete description of this species.

EIMERIA KEITHI
SAMOIL & SAMUEL, 1977a

Type host: Lepus americanus Erxleben, 1777,
Snowshoe hare.

Type locality: NORTH AMERICA: Canada:
Alberta, Rochester.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

Canada, Alberta.
Description of sporulated oocyst: Oocyst shape:

cylindroidal; number of walls: 2; wall thickness:
~1.5; wall characteristics: outer is smooth and
uniformly thick, several times thicker than
inner; L � W: 32.2 � 16.9 (24e38 � 15e19);
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L/W ratio: 1.9; M: present; M characteristics:
distinct, sunken slightly into oocyst wall, 4.9
(2e6); OR: present; OR characteristics: compact,
granular, 4.3 (2e7) wide; PG: absent. Distinctive
features of oocyst: thick wall and compact OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongated spindle-shaped bodies
tapering toward one end; L � W: 14.9 � 6.7
(13e18 � 6e7); L/W ratio: 2.2; SB: present; SB
characteristics: an indistinct light-refracting
area at narrow end; SSB, PSB, SR: all absent;
SZ: with one large RB posterior to N. Distinctive
features of sporocyst: spindle-shape and lack of
SR.

Prevalence: 54/629 (9%) in the type host.
Sporulation: Exogenous. Oocysts sporulated

within 6 days in 2.5% aqueous (w/v) K2Cr2O7

solution at 20� C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.

Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Sporulated oocysts of this species

most closely resemble those of E. ruficaudati, E.
leporis, and E. athabascensis of Lepus spp. and E.
honessi of Sylvilagus spp.; however, they lack
the SR of E. ruficaudati and E. leporis and have
a M, which those of E. leporis and E. athabascensis
lack. They differ from those of E. honessi in shape
and size of the oocyst.

EIMERIA LAPIERREI AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

Other hosts: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

ovoidal; number of walls: one (line drawing),

FIGURES 5.22, 5.23 Line drawing of the sporulated
oocyst of Eimeria keithi from Samoil and Samuel, 1977a, with
permission of the Canadian Journal of Zoology. Photomicro-
graph of a sporulated oocyst of E. keithi from Samoil and
Samuel, 1977a, with permission of the Canadian Journal of

Zoology.

FIGURES 5.24, 5.25 Line drawing of the sporulated
oocyst of Eimeria lapierrei from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.

Photomicrograph of a sporulated oocyst of E. lapierrei from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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but actually two (photomicrograph, their
Fig. 3.18); wall characteristics: thick, sculptured,
dark brown; L�W: 33� 26 (31e35� 24e28); L/
W ratio: 1.3; M: present; M characteristics: 6
wide; OR, PG: both absent. Distinctive features
of oocyst: sculptured outer wall and lacking an
OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal, slightly pointed at one end
(line drawing); L�W: 17� 9 (ranges not given);
L/Wratio: 1.9; SB: tiny, at pointed end; SSB, PSB:
both absent; SR: present; SR characteristics:
composed of bunched small granules (line
drawing), ~7 � 4; SZ: with one large and one
small RBs. Distinctive features of sporocyst:
tiny SB, dispersed SR of small granules, and
SZ with two RBs of different sizes.

Prevalence: Found in 1/46 (2%) L. granatensis
and in 1/9 (11%) L. europaeus.

Sporulation: Presumably exogenous, but the
time and temperature are not known.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 3.18) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) provided a line
drawing and a photomicrograph of this form in
their original description, but they did not
deposit either of these in an accredited museum,
nor did they provide all of the quantitative and
qualitative information needed and expected in
a modern, standardized species description
(e.g., age of the oocystswhen studied, sporulation
time and temperature, sporocyst L, W ranges;
measurements of SZ, RB, etc.). The authors say
that this species can be compared toE. sculptafirst
described from L. arcticulus groenlandicus in
Greenland (Madsen, 1938), which was described

as 37 � 29, with a very small M (~2 wide), and
with a well-defined ellipsoidal SR, all characters
which differ from those of E. lapierrei. Carvalho
(1943) also described E. sculpta from L. townsendii
campanius in Iowa, USA, with piriform oocysts
that measured 36� 29.7, characterized by a large
M (7.5 wide), and a SR with an ill-defined shape,
characteristics to which this species does not
conform (Aoutil et al. 2005). In presenting their
description of this species Aoutil et al. (2005)
listed the name as “Eimeria lapierrei n. sp. Aoutil
& Landau”; this is not, and cannot be, the correct
authority for this species, since there is no sepa-
rate published paper by Aoutil and Landau
describing and naming it. Thus, the full scientific
name (genus, specific epithet, authority) must be
as we list it, above.

EIMERIA LEPORIS
NIESCHULZ, 1923

FIGURES 5.26, 5.27 Line drawing of the sporulated
oocyst of Eimeria leporis from Samoil and Samuel, 1977a,
with permission from the Canadian Journal of Zoology.

Photomicrograph of a sporulated oocyst of E. leporis from
Samoil and Samuel, 1977a, with permission from the
Canadian Journal of Zoology.
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Synonyms: non Eimeria leporis Nieschulz of
Morgan and Waller, 1940 and of Waller and
Morgan, 1941; Eimeria leporine Nieschulz, 1923
of Sugár et al. (1978); Eimeria leporis leporis Nie-
schulz, 1923 of Aoutil et al., 2005; Eimeria leporis
brevis of Aoutil et al., 2005.

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Type locality: EUROPE: The Netherlands: area
near Utrecht.

Other hosts: Lepus americanus Erxleben, 1777,
Snowshoe hare; Lepus arcticus Ross, 1819, Arctic
hare; Lepus capensis L., 1758, Cape hare; Lepus
granatensis Rosenhauer, 1956, Granada hare;
Lepus nigricollis F. Cuvier, 1823 (syn. Lepus rufi-
caudatus), Indian hare; Lepus timidus L., 1758,
Mountain hare (?); Lepus tolai Pallas, 1778, Tolai
hare; Oryctolagus cuniculus (L., 1758) (syn. Lepus
cuniculus), European (domestic) rabbit (?), but
this is an unlikely host and cross-transmission
does not support it as a host for E. leporis.

Geographic distribution: ASIA: Republic of
Belarus (Byelorussia of the former USSR) (?),
Lithuania (of former USSR); India: Punjab,
District Ludhiana and Uttar Pradesh, Kashipur;
EUROPE: Austria, Bulgaria, Czech Republic,
England, Finland, France, (former East)
Germany, Hungary, Italy, The Netherlands,
Norway, Poland, Spain, Switzerland; MIDDLE/
NEAR EAST: Turkey; GREENLAND; NORTH
AMERICA: Canada: north-central Alberta.

Description of sporulated oocyst: Oocyst shape:
cylindroidal with rounded ends and parallel
sides, often bean- or kidney-shaped; number
of walls: 1; wall characteristics: thin, smooth,
colorless or pale yellowish; L � W: 32 � 16
(26e38 � 13e20); L/W ratio: 2.0 (1.7e2.6); M:
absent: OR: present; OR characteristics: large,
compact mass of coarse granules, ~4e5 wide;
PG: absent. Distinctive features of oocyst: its
shape and size and the presence of compact
OR and lack of a M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal, slightly pointed
at one end; L � W: 9e10 � 6e7; SB: present,

button-like, at slightly pointed end; SSB, PSB:
both absent; SR: present; SR characteristics:
a compact ellipsoidal mass of granules (original
line drawing) or a few scattered granules
between SZ; SZ: elongate with one end wider
than the other, lying lengthwise head-to-tail
and with a clear RB at the large end. Distinctive
features of sporocyst: elongate egg-shape and
button-like SB.

Prevalence: In > 90% of the type host (Nie-
schulz, 1923). Pastuszko (1961a) found it in
139/462 (30%) L. europaeus in Poland. Gräfner
et al. (1967) found it in 99/176 (56%) L. europaeus
in (former East) Germany, while Bouvier (1967)
found it “occasionally” in young hares in
Switzerland. Litvenkova (1969) said, “Of 52
hares (Lepus europaeus L. and L. timidus L.) cocci-
dian oocysts were found in 22 (42.3%),” but she
did not say whether E. leporis was found in one
or both of the Lepus species collected in Belarus.
Arnastauskene and Kazlauskas (1970) found it
in 22/41 (54%) hares in Lithuania. Pellérdy
et al. (1974) said that it was 300e500 times as
common in Hungary as E. robertsoni, E. semi-
sculpta, E. europaea, and E. hungarica put
together, apparently in hares which died spon-
taneously of coccidiosis. Samoil and Samuel
(1977a) reported it in 223/629 (35.5%) L. ameri-
canus in Alberta, Canada, and Sugár et al.
(1978) found it in 102/374 (27%) L. europaeus in
Hungary. Yakimoff et al. (1931) found it in L.
tolai, Lucas et al. (1959) reported it in Lepus sp.
in France, and Gill and Ray (1960) found it in
L. nigricollis (syn. L. ruficaudatus) in India. In
the Czech Republic, Pakandl (1990) surveyed
L. europaeus from 1983e1985 and found 110/
350 (31%) infected with this species, and Ry�savý
(1954) also reported it in this host from the
Czech Republic. Nickel and Gottwald (1979)
reported a prevalence of 97.9%with this species,
whereas Gottschalk (1973) found only 18.9% of
L. europaeus to be infected with it. Moreno Mon-
tañez et al. (1979) found this species in 27/42
(64%) L. capensis in Spain. Tasan and Özer
(1989), in Turkey, said it occurred in 31% of the
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40 hares they surveyed between 1985 and 1987.
Berg (1981) reported this species in European
hares from Norway, and Soveri and Valtonen
(1983) reported it in mountain hares in Finland,
but neither gave any other information.

Sporulation: Exogenous. Oocysts sporulated
within 2e3 days (Pellérdy, 1956); in ~2 days
(Lucas et al., 1959); in 48 hr at 23�C when in
3% K2Cr2O7 solution (Golemanski, 1975); 4
days at 20�C (Romero-Rodriguez, 1976); in 3
days (Mandal, 1976); in 6 days at 20�C in 2.5%
K2Cr2O7 solution (Samoil and Samuel, 1977a).

Prepatent and patent periods: Prepatency is 7
days (Pellérdy et al., 1974).

Site of infection: According to Pellérdy et al.
(1974), endogenous stages occur throughout
the small intestine, usually in epithelial cells of
the mucosa and less often subepithelially
down to the muscularis mucosae. Sometimes
there are three to five organisms in a single
intestinal cell.

Endogenous stages: There are three merogo-
nous stages (Pellérdy et al., 1974). The Type A
meront was found less frequently than Type B
and is probably the first-generation meront.
Type A meronts were 6e14 wide and contained
2e8 or more, stout, short merozoites, 5 long �
1.5e3 wide, arranged like the segments of an
orange, and they are contained in a distinct para-
sitophorous vacuole (PV). There is no residuum
in these meronts, and the merozoite N is cen-
trally located. Type B meronts were 10e20 or
more wide and were found in groups or nests.
They were arranged in larger groups in the
lacteals of the villi, and such groups might
contain several hundred merozoites. Many
were present along with gamonts. Smaller mer-
onts had 16 and the larger meronts had 30e50
slim merozoites, 8e10 long � 1e1.5 wide,
tapering at the ends with their N near one end.
Type B meronts also lay in a PV and also had
no residuum. Type C meronts were seen only
sporadically. They contained two or four stout
merozoites, 12e16 long and containing 8e10
dark spots, presumably multiple N. Perhaps

they are predecessors of a gametogonic genera-
tion (?). Macrogamonts were found in cells of
the subepithelium contained within a PV. A
single cell often contained 4e5 macrogamonts.
Mature macrogamonts were 20e25 wide and
changed gradually into oocysts 22e32 � 12e18
in stained sections. Microgamonts were 15e20
wide, lobular withmanyN around the periphery
of the lobules, and had a central residuum.
Microgametes were 2.5e4 � 0.3e0.5. Pellérdy
et al. (1974) often sawmacrogametes with freshly
penetrated microgametes inside them.

Cross-transmission: Nieschulz (1923), Pellérdy
(1956), and Lucas et al. (1959) were unable to
infect domestic rabbits, O. cuniculus, with this
species isolated from L. europaeus. Burgaz
(1973) was unable to transmit E. leporis oocysts
from L. timidus to O. cuniculus, but her paper
must be viewed with caution (see Chapter 6).

Pathology: Bouvier (1967) said that this
species may cause severe enteritis, sometimes
hemorrhagic, especially in young hares. Pel-
lérdy et al. (1974) thought this species was
responsible for the death of 14/227 (6%) hares
in Hungary that died spontaneously of coccidi-
osis. The main gross lesions consisted of
grayish-white foci 1e2 mm wide along the
entire length of the small intestine, especially
the ileum. The villi were enlarged and the focal
lesions were often confluent. The intestinal
capillaries also were noted to be dilated and
congested (Pellérdy et al., 1974). The same
authors killed two young hares, which already
had what they said was a “slight” infection
with E. leporis, by administering 2 million spor-
ulated oocysts to each of them. They concluded
that the hare’s immune response to this eimer-
ian is very weak, and that this low immunoge-
nicity may account for the high prevalence of
this species in hares.

Material deposited: None.
Remarks: This was the first coccidium

described from wild hares when Nieschulz
(1923) found it in association with E. stiedai
from L. europaeus and the description of
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sporulated oocysts (above) is based mostly on
Nieschulz (1923) and Pellérdy (1956). Morgan
and Waller (1940) and Waller and Morgan
(1941) reported oocysts from the cottontail, Syl-
vilagus floridanus, in Iowa and Wisconsin, under
the name E. leporis, but it was actually E. neolepo-
ris (see Carvalho, 1943). Ry�savý (1954) said he
found this species in both O. cuniculus and in
L. europaeus in the Czech Republic, with oocysts
that were 35.8 � 21.4 (29e43 � 14e27) and
sporocysts 11 � 7, and that these oocysts sporu-
lated in 50e60 hr; Ry�savý (1954) said the para-
site was found in the small intestine and was
abundant in the hares and rabbits he sampled.
Gill and Ray (1960) gave the dimensions of
oocysts they recovered from L. nigricollis (syn.
L. ruficaudatus) as 28 � 18 (22e28 � 15e26)
and said that both the OR and SR disappear
during preservation. Lucas et al. (1959) said
the sporulated oocysts were 32 � 16 (27e37 �
14e18). Pellérdy et al. (1974) described the spor-
ulated oocysts as ellipsoidal, often bean-shaped,
23e38 � 12e20, with a smooth, pale, two-
layered wall ~1.5 thick, with a M that was 2e4
wide, and with ovoidal sporocysts that tapered
bluntly at one end, were 9e10 � 6e7 when
measured inside the oocyst, but were 10e14 �
6e8 when released from the oocyst, and they
had a button-like SB and a SR composed of
a few scattered granules. These contained
sausage-shaped SZs, narrower at one end than
the other, that measured 8 � 2 when released.
Golemanski (1975) said that the sporulated
oocysts are 34� 16 (28e41� 15e20) with sporo-
cysts 12e15 � 8e9. Samoil and Samuel (1977a)
found oocysts in L. americanus that contained
sporocysts that were larger (11e18 vs. 9e10)
than those described by Pellérdy et al. (1974).
The oocysts measured by Pakandl (1990) were
33.3 � 16.6 (27.5e37 � 15e19) with a M 3.5
(2.5e4) and an OR 5.7 (4e7) and sporocysts
that were 13.5 � 7.1 (12e15 � 6.5e8). Ry�savý
(1954) said he found this species in L. europaeus
in the Czech Republic with oocysts that were
31.4� 15.0 (25.5e36� 14e17.5), with sporocysts

12 � 7, and that these oocysts sporulated in
48e60 hr. The parasite was found in the small
intestine and was abundant in the hares and
rabbits they sampled (Ry�savý, 1954). Romero-
Rodriguez (1976) found this species in the
Cape hare in Granada, Spain, and said the
oocysts were elongated with round ends and
measured 30.4 � 17.1 (27e38 � 14e19) without
a M, but with a granular OR 5.6 wide, and
sporocysts that were 10 � 5.8; he did not see
a SB and said that a SR does not exist, but that
there were scanty, fine granules scattered in
the sporocyst. Mandal (1976) found it in a Lepus
sp. in Kashipur, India, and said the cylindrical to
slightly ovoidal oocysts were 22e28 � 15e26,
with an OR, and the ovoidal sporocysts were
12e13 � 9 and had a SR. Tacconi et al. (1995)
reported this species in some breeding farms
raising L. europaeus in Italy and said elongated
oocysts were 28e38 � 16e20 without a M, but
with an OR; this species was always found
with E. semisculpta. Robertson (1933) found E.
leporis in one L. europaeus from England that
had oocysts 21e40 � 11e20, without a M and
with an OR. Oocysts studied by Moreno Monta-
ñez et al. (1979) in L. capensis from Spain were
18e36 � 14e19 with sporocysts about 12 � 6.
Terracciano et al. (1988) identified this species
in L. europaeus from three protected areas in
the Province of Pisa, Italy. The cylindroidal
oocysts they studied were 26e38 � 13e20
without a M, but with both an OR and SR.

We cannot attempt to resolve the differences
between these descriptions. If we take the
extreme endpoints from all these reports
(above) the range of mean oocyst L is 28e34,
mean oocyst W is 15e18, and the extreme oocyst
L and W ranges are 18e28 to 28e41 � 11e16 to
16e26; thus, there seems to be an enormous
plasticity of size of E. leporis oocysts discharged
during patency. Such variation may be due to
host and parasite genetic factors, season, immu-
nological or nutritional differences/deficiencies,
the influence of multiple congeneric eimerians
in the gut, or the complex of these and multiple
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unknown factors we are yet to understand.
Aoutil et al. (2005), who studied the Eimeria
species in L. granatensis and L. europaeus in
France, also noticed distinct size differences of
oocysts from their rabbits and in the work of
others, especially Robertson (1933) in England,
whose histogram of oocyst measurements
showed small, medium, and large oocysts. The
approach they chose was to create two new
subspecies. Their larger forms, which con-
formed closely to those in the original descrip-
tion by Nieschulz (1923), were called Eimeria
leporis leporis for oocysts 33 � 15 (28e41 �
15e19), with sporocysts 15 � 8, and their
smaller forms were called Eimeria leporis brevis
for oocysts 27 � 14 (23e31 � 13e15). They
said that both subspecies were found in the
same four L. granatensis they examined, but
that E. l. brevis was found only in two L. euro-
paeus. Subspecies designations have not been
well accepted by the protist community of
scholars, and we believe the creation of
numerous subspecies either within the same
host species or in congenerics is a slippery slope
that only adds further confusion to a literature
that is already voluminous, complex, and inter-
nally confusing. Subtle differences in oocyst/
sporocyst sizes, even gradations from one size
to the next, may be used to separate species,
but only if some other biological differences
can be documented (e.g., location in the host,
number of endogenous stages, etc.). There are
sufficient examples (e.g., Duszynski, 1971, and
many others) of oocysts changing dramatically
in size during the patent period. Most field
collections, as the one in France, take only small
amounts of fecal material (e.g., 2 g feces from the
caecum; Aoutil et al., 2005) to examine, so there
is no way to knowwhat day of the patent period
the oocysts in that sample represent. Until the
validity of different eimerians, both from rabbits
and from all other hosts, can be confirmed by
molecular studies, we prefer not to clutter the
literature with subspecies names for similar
oocysts produced by the same host animals.

EIMERIA MACROSCULPTA
SUGÁR, 1979

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Type locality: EUROPE: Hungary: GödöllT,
Babat Puszta (Com. Pest), BesenyTtelek (Com.
Heves), Gyarmatpuszta (Com. Komárom),
Komádi (Com. Békés), Biharkeresztes (Com.
Hajdú-Bihar).

Other hosts: Lepus granatensis Rosenhauer,
1956, Granada hare.

Geographic distribution: EUROPE: France,
Hungary.

Description of sporulated oocyst: Oocyst shape:
cylindroidal or elongate-ellipsoidal, rarely asym-
metrical; number of walls: 2 (although line
drawing shows only 1); wall thickness: 1.2e1.4;
wall characteristics: outer surface with fine gran-
ulation, smooth, uniformly thick; L �W: 46 � 26
(40e50 � 25e33); L/W ratio: 1.8; M: present; M
characteristics: distinct, giving one end of oocyst

FIGURES 5.28, 5.29 Line drawing of the sporulated
oocyst of Eimeria macrosculpta from Sugár, 1979. Photomi-
crograph of a sporulated oocyst of E. macrosculpta from
Pakandl, 1990, with permission from Folia Parasitologica.
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a truncated appearance, 7.5e9 wide; OR, PG:
both absent. Distinctive features of oocyst:
elongate-ellipsoidal shape, large size with one
flattened pole, and lack of both OR and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal; L � W: 19.6 � 9.4
(19e20 � 9e10); SB: present, knob-like, at
slightly pointed end of each sporocyst; SSB,
PSB: both absent; SR: present; SR characteristics:
numerous refractile granules that sometimes
form a coherent, elongated mass up to 7e12 �
6e8 between and covering the SZ; SZ: said to
be “brush-stroke like,” 13e15 � 5e6, and
enclose one large and one small RB. Distinctive
features of sporocyst: elongate shape, large
knob-like SB and large SR.

Prevalence: 18/108 (17%) in the type host. In
the Czech Republic, Pakandl (1990) surveyed
L. europaeus from 1983e1985 and found 6/350
(< 2%) infected with this species.

Sporulation: Takes 3e4 days at room tempera-
ture in 1% potassium “bichromate” solution.

Prepatent and patent periods: Unknown.
Site of infection: Unknown, but Sugár (1979)

said it localizes in the large intestine.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Sporulated oocysts of this species are

most similar to those of E. sculpta, E. semisculpta,
and E. townsendi. According to Sugár (1979) this
species has larger oocysts (46 � 26 [40e50 �
25e33] vs. 36.8 � 28.7 [32e42 � 23e32]) and
sporocysts (19.6 � 9.6 [19e20 � 9e10] vs. 17.1 �
9.5 [15e19 � 9e10]) than those of E. sculpta; has
longer oocysts (46 � 26 vs. 43 � 26) than those
of E. semisculpta, and lacks an OR, which E. semi-
sculpta possesses; it has longer oocysts (46
[40e50] vs. 40 [37e44]), longer sporocysts (19.6
vs. 17) that possess a prominent knob-like SB,
which sporocysts ofE. townsendi lack. The oocysts
measured by Pakandl (1990) were 41.7 � 23.6
(37e44.5 � 22e25) with a M 5.2 (4.5e6.5), but
no OR, and its sporocysts were 23.0 � 8.4

(21e25 � 8e10). Aoutil et al. (2005) found this
species in 5/46 (11%) L. granatensis, but in 0/9
L. europaeus in France; the oocysts they measured
were 42 � 21 (40e45 � 18e22), L/W ratio 2.0, M
6.5, and sporocysts 22 � 8.5.

EIMERIA MAGNA PÉRARD, 1925b
(FIGURES 6.12, 6.13)

Type host: Oryctolagus cuniculus (L., 1758),
European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
by Pérard (1925b) in France, but it has been
reported in wild rabbits worldwide, including
from three species of Lepus: L. californicus, the
Black-tailed jackrabbit, L. europaeus, the Euro-
pean hare, and L. nigricollis (syn. L. ruficaudatus),
the Indian hare. Unfortunately, its validity in
Lepus species has not yet been verified. Henry
(1932) said that she saw this eimerian and three
others reported from the domestic rabbit, in one
L. californicus from San Andreas, California.
Ry�savý (1954) said he found this species in
both O. cuniculus and in L. europaeus in the
Czech Republic with oocysts that were 36.5 �
23.1 (31e46 � 20e27) and with sporocysts 12
� 7.5, and that these oocysts sporulated in
48e65 hr. The parasite was found in the “blind
gut” (cecum?), but was found only rarely in
the hares and rabbits they sampled (Ry�savý,
1954). Gill and Ray (1960) reported finding this
species both in the domestic rabbit and in L. nig-
ricollis collected in Punjab, India. The measure-
ments they gave for sporulated oocysts were
only for oocysts collected from domestic rabbits,
but they did include a line drawing of an oocyst
from L. nigricollis along with three line draw-
ings of oocysts from O. cuniculus, and they are
remarkably similar. Mandal (1976) said he
recovered oocysts of this species in L. nigricollis
from Punjab, India, with ellipsoidal to ovoidal
oocysts that were 20.3e31.5 � 18e25.5 with an
OR, and had ovoidal sporocysts 15.3e18 �
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7e8.8 with a SR. He (1976) also said that
sporulation took 4 days. In an unpublished
Master’s thesis, Ogedengbe (1991) said he
found this species in 19.5% of the rabbits
surveyed in Kaduna State, Nigeria. However,
he (1991) neglected to state how many rabbits
were surveyed, nor did he mention the host
species; Anonymous (2012) lists the Cape hare,
L. capensis, as the only lagomorph species found
in Nigeria. Vila-Viçosa and Caeiro (1997)
reported this species in both O. cuniculus and
L. capensis in Portugal, with the ovoidal oocysts
from L. capensis being 35.6 � 22.5e24.3.
Its validity as a parasite of Lepus species needs
to be verified by cross-transmission and/or
molecular studies. See Chapter 6 (Figures 6.12,
6.13) for the complete description of this species.

EIMERIA MATSUBAYASHII
TSUNODA, 1952 (FIGURE 6.14)

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: Mandal (1976) said he recovered
oocysts of this species in Lepus sp. from Kashi-
pur, India, with ellipsoidal to ovoidal oocysts
that were 23.5e29.5 � 14.5e19.3, with an OR,
and ovoidal sporocysts 7 � 6 with a SR. Its val-
idity as a parasite of Lepus species needs to be
verified by cross-transmission and/or molec-
ular studies. See Chapter 6 (Figure 6.14) for the
complete description of E. matsubayashii.

EIMERIA MEDIA KESSEL, 1929
(FIGURES 6.15, 6.16)

Type host: Oryctolagus cuniculus (L., 1758)
European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
by Kessel (1929). A few years later, Henry (1932)
said she saw this eimerian and three others
reported from the domestic rabbit, in one

Black-tailed jackrabbit from San Andreas, Cali-
fornia. Matschoulsky (1941) said he found
ovoidal to ellipsoidal oocysts that resembled
this species in L. timidus from Buryat-Mongol
(former USSR) with a M (~5e6 wide), and that
were 28.5 � 17.5 (28e29 � 16.5e18.5), with
sporocysts 10 � 7. Carvalho (1943) reported it
in Sylvilagus floridanus from Iowa, and said he
transmitted it from O. cuniculus to another S.
floridanus. Gill and Ray (1960) reported finding
oocysts of this species both in the domestic
rabbit and in L. nigricollis (syn. L. ruficaudatus)
collected in India. They gave measurements
for sporulated oocysts collected from wild hares
of 32� 19 (24.5e39.5� 16e25), with a convex M
and both an OR and SR present. They (1960)
said that these oocysts collected from the rectal
contents of wild hares were “morphologically
indistinguishable” from oocysts taken from O.
cuniculus, and they included two line drawings
of oocysts from L. nigricollis along with three
line drawings of oocysts from O. cuniculus that
all showed striking similarities to each other.
Burgaz (1973) said she was able to transmit E.
media from L. timidus to O. cuniculus, but her
paper must be viewed with caution because
she did not give specific information regarding
how she identified the coccidian species, nor
did she detail the procedures regarding whether
or not the hosts were infected prior to inocula-
tion and we think it likely that she was dealing
with another eimerian from Lepus (e.g., E. robert-
soni). In an unpublished Master’s thesis, Oge-
dengbe (1991) said he found this species in
59% of the rabbits surveyed in Kaduna State,
Nigeria. However, he (1991) neglected to state
how many rabbits were surveyed, nor did he
mention the host species; Anonymous (2012)
lists the Cape hare, L. capensis, as the only lago-
morph species found in Nigeria. Vila-Viçosa
and Caeiro (1997) reported this species in both
O. cuniculus and L. capensis in Portugal, with
the ovoidal oocysts from L. capensis being
30e33.7 � 15.7e16.8. It has been confirmed as
a valid parasite of Sylvilagus, but its true identity
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and validity in Lepus species needs to be verified
either by further cross-transmission studies or
by gene sequencing or both. See Chapter 6
(Figures 6.15, 6.16) for the complete species
description.

EIMERIA MINIMA CARVALHO,
1943 (FIGURE 7.11)

Synonym: Eimeria exigua Yakimoff, 1934 of
Morgan and Waller, 1940.

Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Remarks: Gill and Ray (1960) reported this
species in the Indian field hare, L. nigricollis
(syn. L. ruficaudatus), but according to Levine
and Ivens (1972) they likely were dealing with
E. hungarica, an evaluation with which we agree.
Later, Mandal (1976) said he recovered oocysts of
this species in Lepus sp. from Punjab, India, with
subspheroidal oocysts that were 10e15.5� 9e15,
without an OR, and with ovoidal sporocysts that
were 5 � 2.8 with a SR. There is no way to know
what species of Eimeria Mandal (1976) actually
had. Its true identity and validity in Lepus species
needs to be verified either by well-controlled
cross-transmission studies or by gene sequenc-
ing or both. See Chapter 7 (Figure 7. 11) for the
complete description of E. minima.

EIMERIA NEOLEPORIS
CARVALHO, 1942 (FIGURE 7.14)

Synonyms: E. leporisNieschulz of Morgan and
Waller, 1940, and Waller and Morgan, 1941; E.
neoleporis Carvalho, 1943 of Gill and Ray, 1960
(lapsus calami); non E. neoleporis Nieschulz,
1923; non E. neoleporis Carvalho of Pellérdy,
1954, 1965.

Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Remarks: This species was originally described
from the Eastern cottontail rabbit in Iowa, USA;

it has been transmitted experimentally many
times to O. cuniculus (see Carvalho, 1943), but
not to any Lepus species. Mandal (1976) said he
recovered oocysts of this species in Lepus sp.
from Punjab, India, with ellipsoidal oocysts
that were 30e54 � 16e22 without an OR, and
had ovoidal sporocysts, 16.5 � 8 with a SR. Its
validity as a true parasite of any Lepus species
needs to be verified either by well-controlled
cross-transmission studies or by gene
sequencing or both. See Chapter 7 (Figure 7.14)
for the complete description of E. neoleporis.

EIMERIA NICOLEGERAE AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

FIGURES 5.30, 5.31 Line drawing of the sporulated
oocyst of Eimeria nicolegerae from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. nicolegerae

from Aoutil et al., 2005, with permission of the authors and
from (the journal) Parasite.
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Other hosts: None reported to date.
Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

elongate-ellipsoidal with parallel edges;
number of walls: 1; wall characteristics: smooth,
thick, brownish, thickens slightly aroundM; L�
W: 34 � 18 (28e40 � 15e20); L/W ratio: 1.9; M:
present; M characteristics: flat, thick, 5e6 wide,
surrounded by slightly thickened edge of oocyst
wall; OR: present; OR characteristics: small
spheroidal mass of large granules, ~4 wide;
PG: absent. Distinctive features of oocyst: long-
ellipsoidal shape and a small OR with large
granules.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal, slightly pointed at one
end; L � W: 15 � 8 (ranges not given); L/W
ratio: 1.9; SB: apparently present (line drawing)
at pointed end, tiny; SSB, PSB: both absent; SR:
present as an elongate mass of large granules
lying along one side of sporocyst wall, parallel
to SZ; SZ: comma-shaped (line drawing), each
with one large, round RB. Distinctive features
of sporocyst: elongate-ellipsoidal shape with
SR as a compact, elongate mass of granules
lying along sporocyst wall.

Prevalence: Apparently found in only 1/46
(2%) L. granatensis.

Sporulation: Unknown.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 1.6) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) noted that the
description they provided closely resembles the
parameters of the sporulated oocysts of E. coeci-
cola, a parasite of O. cuniculus, with the oocysts
of both being long ellipsoids and possessing

a M, OR, and SR. Their first argument for sepa-
rating the two species is that the OR and SR in
the two are different sizes and shapes. It should
be noted, however, that there are several reports
in the literature documenting that both OR and
SR in sporulated oocysts of rabbit eimerians can
change size, get smaller, or disappear during
storage (e.g., Robertson, 1933; Cheissin, 1959;
Kvi�cerová et al., 2007). Their second argument,
which seems more tenable, is that hare coccidia
documented to date seem to be reasonably genus
specific and are not known to infect O. cuniculus.
Aoutil et al. (2005) provided a line drawing and
a good photomicrograph in their original
description, but they did not deposit either of
these in an accredited museum, nor did they
provide all of the quantitative and qualitative
information needed and expected in a modern,
standardized species description (range of oocyst
L, W measurements; sporocyst mean L, W
measurements and their ranges; measurements
of SR, SZ, RB, etc.). This is disappointing and
below usual standards. Finally, in presenting
their description of this species, Aoutil et al.
(2005) listed the name of this species as “Eimeria
nicolegerae n. sp. Aoutil & Landau”; this is not,
and cannot be, the correct authority for this
species, since there is no separate published
paper Aoutil and Landau describing and naming
it. Thus, the full scientific name must be as we
have listed it above.

EIMERIA PERFORANS
(LEUCKART, 1879) SLUITER
& SCHWELLENGREBED, 1912

(FIGURES 6.19, 6.20)

Synonyms: Coccidium perforans Leuckart, 1879;
Eimeria nana Marotel and Guilhon, 1941; Eimeria
lugdunumensis Marotel and Guilhon, 1942.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
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by Leuckart (1879). Several Lepus species have
been reported to be infected with this eimerian
naturally, but most, if not all, of these reports
are probably erroneous. In 1932, Boughton
(p. 535) said he found E. perforans in the Amer-
ican hare, L. americanus, in Western Canada,
but gave no facts or evidence in support of his
identification, and Henry (1932, p. 282) said
that she saw this eimerian and three others
reported from the domestic rabbit, in one
Black-tailed jackrabbit from California, USA.
Robertson (1933) said he found E. perforans in
one L. europaeus from England that had oocysts
18e31� 13e20, with a M and an OR, and sporo-
cysts 12.5 (10e14) long, with a SB and a SR,
which he said, “disappeared fairly rapidly in
the majority.” Matschoulsky (1941) said he
found oocysts that resembled this species in
L. timidus from Buryat-Mongol (former USSR)
and that the ovoidal oocysts were 18.0 � 15.1
(16.5e20 � 15e16.5), with ovoidal sporocysts
7e9 � 4e7. Ry�savý (1954) said he found this
species in both O. cuniculus and in L. europaeus
in the Czech Republic with oocysts that were
20.2 � 14.5 (10e23 � 14e29), with sporocysts
8.5 � 4.5, and that these oocysts sporulated in
30e60 hr. The parasite was reported to be in
the small intestine and was abundant in the
hares and rabbits they sampled (Ry�savý, 1954).
Gill and Ray (1960) reported finding this species
both in the domestic rabbit and in L. nigricollis
(syn. L. ruficaudatus) collected at Kashipur,
India. The measurements they gave for sporu-
lated oocysts were only for oocysts collected
from domestic rabbits, but they included four
line drawings of oocysts they said were from
L. nigricollis and two line drawings of oocysts
they said were from O. cuniculus, and the six
drawings were remarkably similar. Mandal
(1976) said he recovered oocysts of this species
in L. nigricollis from Kashipur, India, with ellip-
soidal oocysts that were 17e32 � 12.5e19.5,
with an OR, and with ovoidal sporocysts 7.8 �
3.8 with a SR. In an unpublishedMaster’s thesis,
Ogedengbe (1991) said he found this species in
30% of the rabbits surveyed in Kaduna State,

Nigeria. However, he (1991) neglected to state
how many rabbits were surveyed, nor did he
mention the host species; Anonymous (2012)
lists the Cape hare, L. capensis, as the only lago-
morph species found in Nigeria. Vila-Viçosa
and Caeiro (1997) reported this species in both
O. cuniculus and L. capensis in Portugal, with
the ellipsoid oocysts from L. capensis being
20.6e22.5 � 13.1e15. While cross-transmission
studies verify that this species can infect Sylvila-
gus species, its true identity and validity in Lepus
species are questionable and need to be verified
either by well-controlled cross-transmission
studies or by gene sequencing or both. See
Chapter 6 (Figures 6.19, 6.20) for the complete
description of E. perforans.

EIMERIA PIERRECOUDERTI
AOUTIL, BERTANI, BORDES,

SNOUNOU, CHABAUD
& LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

FIGURES 5.32, 5.33 Line drawing of the sporulated
oocyst of Eimeria pierrecouderti from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. pierrecouderti
from Aoutil et al., 2005, with permission of the authors and
from (the journal) Parasite.
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Other hosts: None to date.
Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

ovoidal, slightly flattened at end with M;
number of walls: 1 (line drawing), but probably
2, of uneven thickness; wall characteristics: thin,
brown, thickens slightly aroundM, and anterior
half of wall is thicker than posterior half and
covered by “protruding granules” (i.e., sculp-
tured [?], although this is not visible in the
photomicrograph presented); L � W (N ¼ 12):
35 � 24 (33e37 � 23e26); L/W ratio: 1.5; M:
present; M characteristics: ~8 wide, with
a “slight dome”; OR: present; OR characteristics:
a large mass of granules, ~10 wide, with some of
the edges extending between sporocysts; PG:
absent. Distinctive features of oocyst: sculp-
tured anterior half (?) of outer wall and large
OR with undefined shape that protrudes
between the sporocysts.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ellipsoidal, slightly pointed
at one end (line drawing); L � W: 21 � 9.5
(ranges not given); L/W ratio: 2.2; SB: small, at
pointed end; SSB, PSB, SR: all absent; SZ: with
one large, elongate RB near rounded, wider
end (line drawing). Distinctive features of
sporocyst: small SB and lack of a SR.

Prevalence: Found in only 1/46 (2%) L.
granatensis.

Sporulation: Presumably exogenous, but the
time and temperature are not known.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 3.15) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) provided a line
drawing and a photomicrograph of this form
in their original description, but they did not

deposit either of these in an accredited museum,
nor did they provide all of the quantitative and
qualitative information needed and expected in
a modern, standardized species description
(e.g., age of the oocysts when studied, sporula-
tion time and temperature, sporocyst L, W
ranges; measurements of SZ, RB, etc.). The
authors argued about the validity of the epithet
“semisculpta” used byMadsen (1938) and by Pel-
lérdy (1956), stating that, in their opinion, the
type from the Greenland hare differs from that
of the Hungarian hare by its size and the pres-
ence of an OR in the former, but not in the latter
(see Remarks under E. semisculpta to help resolve
this dilemma). The oocysts of this species are
very similar to those of E. semisculpta, but differ
by having shorter and stockier sporocysts (L/W
ratio 2.2 vs. 3.3 for E. semisculpta). Unfortunately,
Aoutil et al. (2005) describe their OR with
protrusions extending between the sporocysts
(thus, hardly compact), but this giant OR is not
visible in their photomicrograph (their
Fig. 3.15), and they gave no ranges for their
sporocysts, which their line drawing shows to
be elongate-ellipsoids (their Fig. 4.15). In their
description of this species, Aoutil et al. (2005)
listed the name as “Eimeria pierrecouderti n. sp.
Aoutil & Landau”; this is not, and cannot be,
the correct authority for this species, since there
is no separate published paper by Aoutil and
Landau describing and naming it. Thus, the
full scientific name (genus, specific epithet,
authority) must be as we listed it above. Finally,
the photomicrograph of this form (their
Fig. 3.15) clearly seems to lack an OR, although
the line drawing presented (Fig. 4.15, Aoutil
et al., 2005), and their written description, report
a massive OR.

EIMERIA PIRIFORMIS
KOTLÁN & POSPESCH, 1934

(FIGURES 6.21, 6.22)

Synonyms: Eimeria piriformis Marotel and
Guilhon, 1941; Eimeria pyriformis Kotlán &
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Pospesch, 1934 lapsus calami; non Eimeria pirifor-
mis Lubimov, 1934.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: Ry�savý (1954) said he found this
species in both O. cuniculus and in L. europaeus
in the Czech Republic with oocysts that were
30.2 � 20.6 (29e33 � 18e25), but they did not
measure sporocysts nor did they determine
sporulation time. The parasite was found in
the small intestine of the hares and rabbits
they sampled near Prague (Ry�savý, 1954). Vila-
Viçosa and Caeiro (1997) reported this species
in both O. cuniculus and L. capensis in Portugal,
with the piriform oocysts from L. capensis being
37.5 � 18e20.6. Its true identity and validity in
Lepus species need to be verified either by
well-controlled cross-transmission studies or
by gene sequencing or both. See Chapter 6
(Figures 6.21, 6.22) for the complete description
of E. piriformis.

EIMERIA PUNJABENSIS
GILL & RAY, 1960

Type host: Lepus nigricollis F. Cuvier, 1823,
(syn. Lepus ruficaudatus), Indian hare.

Type locality: ASIA: India: Punjab, District
Ludhiana and Uttar Pradesh, Kashipur.

Other hosts: None reported to date.
Geographic distribution: ASIA: India: Punjab.
Description of sporulated oocyst: Oocyst shape:

spheroidal to subspheroidal; number of walls:
1; wall characteristics: of even thickness
throughout, light yellow or with a salmon tint;
L � W: 22.5 � 22 (20e24 � 20e22); L/W ratio:
1.0; M: absent; OR: present; OR characteristics:
distinct, ~5 wide; PG: absent. Distinctive
features of oocyst: spheroidal shape with an
OR, but without a M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 12.5 � 8.5 (ranges
not given); L/W ratio: 1.5; SB: present (line
drawing); SSB, PSB, SR: all absent; SZ: with
one large RB, 5wide, at blunt end and a centrally
located N. Distinctive features of sporocyst: lack
of a SR and a large RB in SZ.

Prevalence: Unknown.
Sporulation: Exogenous. Oocysts sporulated

in 2.5% (w/v) K2Cr2O7 solution at 28�C in about
3e4 days (Gill and Ray, 1960; Mandal, 1976).

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: This species has only been reported

once since it was first described in 1960. Mandal
(1976) is the only other person to report E. pun-
jabensis when he said he recovered oocysts in L.
ruficaudatus, also from Punjab, India; his sphe-
roidal oocysts were 20e24 � 19.5e22.5, with
an OR, and had ovoidal sporocysts that were
12.5 � 3.5 without a SR.

EIMERIA RENIAI AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

Type host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

FIGURE 5.34 Line drawing of the sporulated oocyst of
Eimeria punjabensis from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.
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Type locality: EUROPE: France: Pyrénées-
Orientales.

Other hosts: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

elongate-ellipsoidal, slightly flattened at end
with M; number of walls: 1 (line drawing), but
probably 2, of uneven thickness; wall character-
istics: thin, smooth, brown, thickens slightly
aroundM, and one side sometimes seems flatter
than the other; L �W: 37 � 22 (35e40 � 19e24);
L/W ratio: 1.7; M: present; M characteristics:
~4e5 wide, with a “jutting dome,” surrounded
by oocyst wall thicker near margin; OR: present;
OR characteristics: a large spheroidal mass of
granules, ~10 wide; PG: absent. Distinctive
features of oocyst: elongate shape that narrows
slightly at end with M and large OR, ~10 wide.

Description of sporocyst and sporozoites: Sporo-
cyst shape: spindle-shaped, slightly pointed at
both ends (line drawing); L �W: 19 � 9 (ranges

not given); L/W ratio: 2.1; SB: small, at one
pointed end; SSB, PSB: both absent; SR: absent;
SZ: with one larger, elongate RB near rounded,
wider end and a second, smaller spheroidal
RB above it (line drawing). Distinctive features
of sporocyst: spindle-shape, with a small SB,
and SZ with two RBs of different sizes.

Prevalence: Found in 4/46 (4%) L. granatensis
and in 1/9 (11%) L. europaeus.

Sporulation: Presumably exogenous, but the
time and temperature are not known.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 3.14) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) provided a line
drawing and a good photomicrograph of this
form in their original description, but they did
not deposit either of these in an accredited
museum, nor did they provide all of the quanti-
tative and qualitative information needed and
expected in a modern, standardized species
description (e.g., age of the oocysts when
studied, sporulation time and temperature,
sporocyst L, W ranges; measurements of SZ,
RB, etc.). In presenting their description of this
species Aoutil et al. (2005) listed the name as
“Eimeria reniai n. sp. Aoutil & Landau”; this is
not, and cannot be, the correct authority for
this species, since there is no separate published
paper by Aoutil and Landau describing and
naming it. Thus, the full scientific name (genus,
specific epithet, authority) must be as we listed
it above. Finally, although the oocyst L and W
ranges and ratios are slightly different, this
form bears a striking resemblance to the
morphology of sporulated oocysts from E.
bainae.

FIGURES 5.35, 5.36 Line drawing of the sporulated
oocyst of Eimeria reniai from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. reniai from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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EIMERIA ROBERTSONI
(MADSEN, 1938) CARVALHO, 1943

Synonyms: Eimeria magna var. robertsoni Mad-
sen, 1938; Eimeria robertsoni Madsen, 1938 of
Carvalho, 1943; Eimeria magna forma townsendii
Carvalho, 1943 pro parte; Eimeria perforans var.
groenlandica Madsen, 1938, pro parte.

Type host: Lepus arcticus Ross, 1819, Arctic
hare.

Type locality: GREENLAND: Eastern end.
Other hosts: Lepus americanus Erxleben, 1777,

Snowshoe hare; Lepus capensis L., 1758, Cape
hare; Lepus europaeus Pallas, 1778, European
hare; Lepus nigricollis (syn. Lepus ruficaudatus) F.
Cuvier, 1823, Indian hare; Lepus timidus L.,
1758, Mountain hare; Lepus townsendii Bachman,
1839, White-tailed jackrabbit.

Geographic distribution: ASIA: India; Lithuania
(of former USSR); EUROPE: Austria, Czech
Republic, England, (former East) Germany,
Hungry, Italy, Norway, Poland, Portugal,

Switzerland; GREENLAND; MIDDLE/NEAR
EAST: Turkey; NORTH AMERICA: Canada:
Alberta; USA: Iowa.

Description of sporulated oocyst: Oocyst shape:
broadly ellipsoidal to ovoidal; number of walls:
2; wall thickness: 1.9; wall characteristics: outer
yellowish brown, finely granular, easily
detached, ~1.4; inner is 0.5; L � W: 42.7 � 25.8
(34e52 � 23e32); L/W ratio: 1.7; M: present;
M characteristics: broad, 6e8.5 wide, sur-
rounded by a collar-like thickening of the wall;
OR: present; OR characteristics: compact, gran-
ular, large, 8.1 (6e11, or up to 12e15); PG:
absent. Distinctive features of oocyst: with
a broad M and a large, granular OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate spindle-shaped to ovoidal,
tapering toward one end; L � W: 20.9 � 8.0
(18e25 � 6e10, Samoil and Samuel, 1977a),
17e22 � 7e8 (Madsen, 1938), 19.5 � 7 (Car-
valho, 1943), 18.5 � 7 (Pellérdy, 1956) or 18.5 �
6 (Gill and Ray, 1960); L/Wratio: 2.6; SB: present
as an indistinct light-refracting area at narrow
end of sporocyst; SSB, PSB: both absent; SR:
present; SR characteristics: diffuse, granular;
SZ: have a single RB posterior to the N. Distinc-
tive features of sporocyst: long and narrow
spindle-shape.

Prevalence: Madsen (1938) found what has
now become this species in ~11/22 (50%) L. arc-
ticus that he examined from Greenland; he
described it as two different types and then vari-
ations of those types (his Type B, Figs. 5a, b, c
and his Type C, Figs 6a, b) saying that these
Types were found in 11/22 arctic hares (but
there is no way to tell if both Types were found
in the same 11 hares). Carvalho (1943) found it
in 9/12 (75%) L. townsendii he examined in
Iowa. Gräfner et al. (1967) found it in 7/176
(4%) L. europaeus from (former East) Germany;
Arnastauskene and Kazlauskas (1970) found it
in 13/41 (31%) L. europaeus from Lithuania; Pas-
tuszko (1961a) reported it in 30/462 (6%) L. euro-
paeus in Poland; and Sugár et al. (1978) said it
was in 29/374 (8%) in Hungary. Samoil and

FIGURES 5.37, 5.38 Line drawing of the sporulated
oocyst of Eimeria robertsoni from Samoil and Samuel, 1977a,
with permission of the Canadian Journal of Zoology. Photo-
micrograph of a sporulated oocyst of E. robertsoni from
Samoil and Samuel, 1977a, with permission of the Canadian
Journal of Zoology.
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Samuel (1977a) found it in 208/629 (33%) L.
americanus they examined in Canada. In the
Czech Republic, Pakandl (1990) surveyed L.
europaeus from 1983e1985 and found 120/350
(34%) infected with this species. Jirou�s (1979),
also in the Czech Republic, identified E. robert-
soni in 67% of fecal samples collected in the field
and in 90% of the juveniles and 74% of the
adults he shot. Kutzer and Frey (1976) found it
in 54% of the hares they collected in Austria.
Tasan and Özer (1989) said it occurred in 53%
of the 40 hares they surveyed in Turkey between
1985e1987.

Sporulation: Exogenous. Oocysts sporulated
after 6 days in 2.5% aqueous (w/v) K2Cr2O7

solution at 20�C (Samoil and Samuel, 1977a;
Bouvier, 1967), 3e4 days (Pellérdy, 1956), 56
(40e65) hr (Carvalho, 1943), 2e4 days (Levine
and Ivens, 1972), 38 hr (Gill and Ray, 1960), or
4e5 days (Mandal, 1976).

Prepatent and patent periods: Prepatency is 6.5
days and the patent period lasts at least 22
days following infection with one sporulated
oocyst (Samoil and Samuel, 1977b).

Site of infection: Duodenum (Carvalho, 1943;
Samoil and Samuel, 1977a), but Bouvier (1967)
said it occurred in the cecum.

Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) was not

able to transmit this species either to the
domestic rabbit, O. cuniculus, or to the Iowa
cottontail, S. floridanus. Pellérdy (1956) was not
able to infect the domestic rabbit with this
species isolated from L. europaeus. Burgaz
(1973) was unable to transmit E. robertsoni
from L. timidus to the domestic rabbit. Samoil
and Samuel (1977b) were not able to infect seven
O. cuniculus with various numbers of oocysts
(100, 30,600, or 50,000) of this species isolated
originally from a naturally-infected L.
americanus.

Pathology: Madsen (1938) said that one L. arc-
ticus fed an unspecified number of oocysts died
1 wk later with emaciation, suggestions of diar-
rhea (whatever that means), a mucosanguine

exudate in the posterior small intestine, and an
enormously swollen urinary bladder. Bouvier
(1967) said that this species may cause serious
lesions and hemorrhage in the cecum of young
hares, but more discrete lesions in adults. Lev-
ine and Ivens (1972) said that this species is
“possibly” pathogenic. Tacconi et al. (1995)
found this species in the intestinal contents of
four dead juvenile L. europaeus in Italy; the
oocysts they found were always found with
those of E. europaea, E. hungarica, and E. town-
sendi in these dead hares, which all showed
severe enteritis as the cause of death.

Material deposited: None.
Remarks: The history that involves the

discovery and description(s) of this species is
confusing and tortuous, at best. In 1933, Robert-
son looked at eimerian oocysts from two L. euro-
paeus from an estate near Dorchester, England,
and mentioned five different types of oocysts.
His Type I, which he called E. stiedai, resembled
oocysts of E. magna from O. cuniculus, even
though the average oocyst size, 42.1 � 25.1
(38e45 � 21e30), was larger than both E. stiedai
and E. magna, and both have sporocysts with
a distinct SR, which Robertson’s Type I lacked.
Madsen (1938) collected feces from L. arcticus
groenlandicus Rhodes, 1896, in Eastern
Greenland (Eskimonæs, 74�050N) and measured
760 oocysts, which he grouped into four types
(A, B, C, D), with the first three each having
subtypes (aec), each represented by a different
line drawing. His Type C (Fig. 6a) was nearly
identical to Robertson’s (1933) Type I, so Mad-
sen named it E. magna var. robertsoni. Carvalho
(1943), working with L. townsendii campanius
Hollister, 1915, in Iowa, USA, found eimerian
oocysts similar to those reported by Madsen
(1938) as E. m. var. robertsoni and elevated the
name to E. robertsoni. Carvalho (1943) recog-
nized that Madsen’s description was probably
a complex of two species so he equated and
combined the larger of Madsen’s (1938) forms,
Type B (Figs. 6aec), which Madsen had named
E. perforans var. groenlandica, into E. robertsoni,
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although doing this aggravated Aoutil et al.
(2005), who said, “we think that the name ‘rob-
ertsoni’ which appears to refer to three different
species, should be abandoned.” Looking care-
fully at Madsen’s (1938) measurements and
figures (his Fig. 5aec) of E. p. var. groenlandica,
he likely was dealing with a mixture of two, if
not three, different eimerians, one of which
(his Fig. 5c) could have been E. robertsoni. Pel-
lérdy (1956) called this species E. robertsoni Car-
valho, 1943 and included the synonyms, E. p.
var. groenlandica Madsen, 1938, pro parte and
E. m. forma townsendi Carvalho, 1943, pro parte.
Pellérdy (1956) also said that a SR “is always
present in the sporocysts, but consists of a few
granules only, frequently invisible ..” Finally,
Pellérdy (1956) took exception to Carvalho’s
adding another variety/form to the literature,
E. magna var. townsendi. In Pellérdy’s (1956)
view, the majority of oocysts identified as E. m.
var. townsendi by Carvalho (1943) were identical
with those of E. robertsoni, while the others were
those of E. townsendi, which he described later in
that (1956) publication. His later treatises (Pel-
lérdy, 1965, 1974) maintained that view, as did
a later redescription of E. robertsoni by Samoil
and Samuel (1977a); the latter, however, solidi-
fied the presence of a distinct, granular SR that
was sometimes diffuse and sometimes
a compact mass of granules (their Figs. 1, 11).
Carvalho (1943) said the oocysts of E. robertsoni
were 40.5 � 25 (36e47 � 23e33), Pellérdy
(1956) said they were 40 � 25 (38e48 �
22e32), Pastuszko (1961a) said they were 40 �
25 (34e52 � 22e35), and Bouvier (1967) said
the oocysts were 40 � 25 (34e48 � 22e32).
Samoil and Samuel’s (1977a) redescription was
of oocysts from L. americanus in Alberta,
Canada, and provided a concise and coherent
rendition that was essentially the same as the
original of Madsen (1938), except for the
number of oocyst walls reported. Madsen
(1938) described only one wall, although his
drawing showed two. In subsequent reports
(Carvalho, 1943; Pellérdy, 1956; Levine and

Ivens, 1972), the wall was described as one-
layered, although all but Carvalho (1943)
provided drawings showing two walls. Samoil
and Samuel (1977a) were able to show that
two walls existed by easily removing the outer
wall with a 5% sodium hypochlorite solution
and said the oocysts were 41.3 � 22.5 (34e52
� 20e25) and an OR 8.1 (6e11), and sporocysts
that were 20.9 � 8.0 (18e25 � 6e10). Also,
although the size and shape of the oocysts and
sporocysts match those of others describing
this species, Samoil and Samuel (1977a) noted
a SB on the sporocysts which the other authors
(apparently) had missed. Finally, there is a ques-
tion about whether Bouvier (1967) was actually
dealing with this species. His description was so
incomplete that it is impossible to be sure, and
he reported this form from the cecum rather
than the duodenum. Samoil and Samuel
(1977b) inoculated a juvenile L. americanus
with one sporulated oocyst of E. robertsoni that
resulted in a patent infection; oocyst output
rose from ~50 oocysts on day 1 PI to ~7 � 106

on day 3 PI, and then declined steadily there-
after. They (1977b) also found that oocyst size
increased in both length (13%) and width
(17%) during patency. Berg (1981) reported this
species in the European hare from Norway,
but gave no other information. Tacconi et al.
(1995) found this species in the intestinal
contents of four dead juvenile L. europaeus
from a breeding farm in Italy. The ovoidal
oocysts were 34e52 � 23e32, with a M and an
OR; this species was always found with E. euro-
paea, E. hungarica, and E. townsendi in these dead
hares. Terracciano et al. (1988) identified this
species in L. europaeus from three protected areas
in the Province of Pisa, Italy. The ovoidal oocysts
they studied were 34e52 � 23e32 with a M 8e9
wide, OR and SR. Gill and Ray (1960) found
oocysts of this species in L. nigricollis (syn. L.
ruficaudatus) in India, and said they were 39 �
25.5 (33e45 � 21e33). Mandal (1976) reported
this species when he said he recovered oocysts
in L. nigricollis (syn. L. ruficaudatus) from
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Kashipur, India, with ovoidal to ellipsoidal
oocysts that were 33e44.5 � 21e32.5, with an
OR, and had ovoidal sporocysts, 18.5 � 6.2,
with a SR. Vila-Viçosa and Caeiro (1997)
reported this species in L. capensis in Portugal,
with ovoidal oocysts 41.8 � 23.4.

EIMERIA ROCHESTERENSIS
SAMOIL & SAMUEL, 1977a

Type host: Lepus americanus Erxleben, 1777,
Snowshoe hare.

Type locality: NORTH AMERICA: Canada:
Alberta, Rochester.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

Canada: Alberta.
Description of sporulated oocyst: Oocyst shape:

cylindroidal; number of walls: 2; wall thickness:
~1; wall characteristics: outer is smooth,
uniformly thick; L � W: 22.8 � 14.4 (20e26 �

14e16); L/W ratio: 1.6; M: absent; OR: present;
OR characteristics: small, compact mass of
a few large granules; PG: absent. Distinctive
features of oocyst: cylindroidal shape with an
OR of a few large granules.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate spindle-shaped, tapering
toward one end; L � W: 12.2 � 6.1 (10e13 �
6e7); L/W ratio: 2.0; SB: present; SB characteris-
tics: an indistinct light-refracting area at narrow
end of sporocyst; SSB, PSB: both absent; SR:
present; SR characteristics: compact, irregular
mass of a few large granular; SZ: have one RB
posterior to N. Distinctive features of sporocyst:
spindle-shape with a large L/W ratio (2.0) and
an indistinct light-refracting SB.

Prevalence: 141/629 (22%) in the type host.
Sporulation: Exogenous. Most oocysts were

sporulated after 6 days in 2.5% aqueous (w/v)
K2Cr2O7 solution at 20�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: The sporulated oocysts of this

species resemble those of E. athabascensis,
E. keithi, E. leporis, E. rowani, and E. ruficaudati
from other Lepus species and those of E. nag-
purensis described from O. cuniculus. It is
smaller in size than those of E. leporis (22.8
� 14.4 [20e26 � 14e16] vs. 32 � 16 [26e38
� 13e20]) and has an SR which is smaller
and compact vs. the large diffuse SR of E. lepo-
ris. These oocysts also are smaller than those
of E. athabascensis (33.8 � 15.6 [24e38 �
13e17]) and have a SR. The oocysts of this
species lack a M, which is characteristic of E.
ruficaudati and E. keithi. The presence of an
OR differentiates these oocysts from those of
E. nagpurensis, and they differ from those of
E. rowani by having both an OR and a SR,
which E. rowani lacks.

FIGURES 5.39, 5.40 Line drawing of the sporulated
oocyst of Eimeria rochesterensis from Samoil and Samuel,
1977a, with permission of the Canadian Journal of Zoology.
Photomicrograph of a sporulated oocyst of E. rochesterensis
from Samoil and Samuel, 1977a, with permission of the
Canadian Journal of Zoology.
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EIMERIA ROWANI SAMOIL &
SAMUEL, 1977a

Type host: Lepus americanus Erxleben, 1777,
Snowshoe hare.

Type locality: NORTH AMERICA: Canada:
Alberta, Rochester.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

Canada: Alberta.
Description of sporulated oocyst: Oocyst shape:

cylindroidal; number of walls: 2; wall thickness:
~1; wall characteristics: outer is smooth,
uniformly thick; L � W: 22.1 � 15.8 (18e31 �
12e18); L/W ratio: 1.4; M, OR, PG: all absent.
Distinctive features of oocyst: lacking a M, OR
and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate spindle-shaped; L � W:
12.1 � 6.0 (11e17 � 5e7); L/W ratio: 2.0; SB:
present; SSB, PSB, SR: all absent; SZ: have one
RB posterior to N. Distinctive features of sporo-
cyst: SB an indistinct light-refracting area at
narrow end of sporocyst.

Prevalence: 68/629 (11%) in the type host.
Sporulation: Exogenous. Oocysts sporulated

after 6 days in 2.5% aqueous (w/v) K2Cr2O7

solution at 20�C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Sporulated oocysts of this species

resemble those of E. rochesterensis, E. keithi,
E. ruficaudati, E. leporis, and E. athabascensis
from other Lepus species and they somewhat
resemble those of E. nagpurensis from O. cunicu-
lus. They differ from those of E. keithi and E. rufi-
caudati by not having a M, and either an OR or
SR. They differ from those of E. rochesterensis
and E. leporis by the absence of both an OR
and SR. They differ from those of E. athabascensis
by the lack of an OR and from E. nagpurensis by
the lack of a SR.

EIMERIA RUFICAUDATI
GILL & RAY, 1960

Synonyms: Eimeria deharoi deharoi Aoutil et al.,
2005; Eimeria deharoi rotunda Aoutil et al., 2005.

Type host: Lepus nigricollis F. Cuvier, 1823,
(syn. Lepus ruficaudatus), Indian hare.

Type locality: ASIA: India: Punjab, District
Ludhiana and Uttar Pradesh, Kashipur.

Other hosts: Lepus americanus Erxleben, 1777,
Snowshoe hare; Lepus granatensis Rosenhauer,
1956, Granada hare.

Geographic distribution: ASIA: India;
EUROPE: France; NORTH AMERICA: Canada:
Alberta.

Description of sporulated oocyst: Oocyst shape:
cylindroidal or ellipsoidalwith flat sides; number
of walls: 1; wall characteristics: light yellowish-
pink, of even thickness throughout, except at M
where it becomes thinner; L � W: 31.3 � 17.7

FIGURES 5.41, 5.42 Line drawing of the sporulated
oocyst of Eimeria rowani from Samoil and Samuel, 1977a,
with permission of the Canadian Journal of Zoology. Photo-
micrograph of a sporulated oocyst of E. rowani from Samoil
and Samuel, 1977a, with permission of the Canadian Journal

of Zoology.
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(28e35 � 12e15 [sic]; Gill and Ray, 1960), 29.9 �
17.5 (23e38 � 14e19, Samoil and Samuel;
1977a); L/Wratio: 1.7; M: present; M characteris-
tics: distinct, ~4.5 (4e6), bounded by a bent line,
with a fine, pointed tip in center, which may
form a triangular opening; OR: present; OR char-
acteristics: round, composed of compact gran-
ules, ~4 (2e6) wide, with a tendency to get
smaller upon storage (Gill and Ray, 1960); PG:
absent. Distinctive features of oocyst: cylindroi-
dal shape with parallel sides, thin wall especially
around the M, and presence of OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal to spindle-shaped, anterior
end bluntly pointed; L � W: not given by Gill
and Ray (1960), 15.2 � 6.6 (12e18� 6e8 (Samoil
and Samuel, 1977a); SB: present, as an indistinct,
light-refracting area at narrow end; SSB, PSB:
both absent; SR: present; SR characteristics:
round, 2e4 wide or as scattered granules; SZ:
medium-sized with one RB at rounded end
and N in central position. Distinctive features
of sporocyst: the SR is reported to disappear
on storage (Gill and Ray, 1960).

Prevalence: Not given in the original descrip-
tion (Gill and Ray, 1960) for the type host; in
101/629 (16%) L. arcticus (Samoil and Samuel,
1977a); in 1/46 (2%) L. granatensis (Aoutil
et al., 2005).

Sporulation: Exogenous. Oocysts sporulated
in 66 hr at 28�C (Gill and Ray, 1960), by 6 days
at 20�C when maintained in 2.5% aqueous
(w/v) K2Cr2O7 solution (Samoil and Samuel,
1977a), or in 66 hr (Mandal, 1976).

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Gill and Ray (1960) said that the OR

has “a tendency to decrease in size” with time
and that the SR, usually ~2 wide or as scattered
granules, “disappears” with preservation. Man-
dal (1976) also reported this species when he
said he recovered oocysts in L. nigricollis (syn.
L. ruficaudatus) from Kashipur, India, with cylin-
droidal oocysts that were 28e38 � 12e15, with
an OR, and ovoidal sporocysts 13.5e15.5 �
8.5e10.5 with a SR. Aoutil et al. (2005) described
two new Eimeria subspecies, from L. granatensis
in France, which they named E. deharoi deharoi
and E. d. rotunda, and compared their form(s)
only superficially to E. media from O. cuniculus.
Their larger form had oocysts that were 28 �
16 (26e33 � 14e18), L/W ratio 1.75, with both
a M, 4.5 wide, and an OR, 7 wide, and sporo-
cysts 13 � 7, L/W ratio 1.9, with a small SR of
“large dispersed grains.” However, their larger
oocyst forms are similar to those of both E. euro-
paea and E. ruficaudati, to which they did not
compare them. Eimeria europaea has been found
in multiple Lepus species throughout Europe,
including France. Its oocysts are 32 � 18
(26e34 � 15e20), L/W ratio 1.8, with a M 6e9
wide, a spheroidal OR, and sporocysts 9 � 6
with a L/W ratio 1.5, and are somewhat smaller
than those of E. deharoi subspecies, which are 13

FIGURES 5.43, 5.44 Line drawing of the sporulated
oocyst of Eimeria ruficaudati from Samoil and Samuel, 1977a,
with permission of the Canadian Journal of Zoology. Photo-
micrograph of a sporulated oocyst of E. ruficaudati from
Samoil and Samuel, 1977a, with permission of the Canadian

Journal of Zoology.
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� 7, with L/Wratio 1.9. If one compares the line
drawings of E. europaea given by Pellérdy (both
1956, 1965) with the one given by Aoutil et al.
(2005, their Fig. 2.8), they are nearly identical.
Likewise, so are the photomicrographs, one
of E. europaea given by Pakandl (1990) and
the one presented by Aoutil et al. (2005,
their Fig. 1.8) representing their E. d. debaroi.
However, given the differences in size and
L/W ratio between the sporocysts of E. europaea
and E. d. debaroi, we believe we must defer to E.
ruficaudati as the appropriate species. Oocysts of
E. ruficaudati are 30 � 17.5 (23e38 � 14e19),
L/W ratio 1.7, with a M 4.5 wide, OR 2e6
wide, and sporocysts 15 � 7 with a L/W ratio
2.1, are quite similar to those of E. d. debaroi.
The sporulated oocysts of E. d. rotunda conform
to those of E. ruficaudati in every respect except
that they are slightly smaller, which we consider
to be part of normal size variation characteristic
of many eimerians.

EIMERIA SCULPTA MADSEN, 1938

Type host: Lepus arcticus Ross, 1819, Arctic
hare.

Type locality: GREENLAND: Eskimonaes,
74�050 N lat.

Other hosts: Lepus europaeus Pallas, 1778, Euro-
pean hare; Lepus townsendii Bachman, 1839,
White-tailed jackrabbit.

Geographic distribution: EUROPE: Czech
Republic, Hungary; GREENLAND: Eskimo-
naes; NORTH AMERICA: USA: Iowa.

Description of sporulated oocyst: Oocyst shape:
broadly pear-shaped (piriform) to ovoidal;
number of walls: 2; wall thickness: ~2; wall char-
acteristics: outer is rough, sculptured or pitted,
dark-brown, uniformly thick except slightly
thicker near M; L � W: 36.8 � 28.7 (32e42 �
23e32, Madsen, 1938), 36 � 30 (32e38 �
29e31, Carvalho, 1943); L/W ratio: 1.3e1.4; M:
present; M characteristics: plug-shaped, narrow
(Madsen, 1938) or a distinct surface structure,
7.5 wide (Carvalho, 1943); OR, PG: both absent.
Distinctive features of oocyst: pear-shape, sculp-
tured outer wall, and a distinct M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 17.1 � 9.5 (15e19
� 9e10); L/W ratio: 1.8; SB: present; SB charac-
teristics: peg-shaped; SSB, PSB: both absent; SR:
present; SR characteristics: sharply defined
ellipsoidal body or an irregular shape with
sharp contours; SZ: comma-shaped, lie head-
to-tail, with one large RB at thicker end. Distinc-
tive features of sporocyst: prominent SB and SR.

Prevalence: 14/22 (64%) from the type host in
Greenland; in 9/12 (75%) L. townsendii from
Iowa (Carvalho, 1943); in 161/374 (43%) L. euro-
paeus from Hungary (Sugár et al., 1978). In the
Czech Republic, Pakandl (1990) surveyed L.
europaeus from 1983e1985 and found 32/350
(9%) infected with this species.

Sporulation: Exogenous. Sporulation occurs in
55 (50e60) hr (Carvalho, 1943).

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from intestinal canal.
Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) was

unable to transmit this species either to the

FIGURE 5.45 Line drawing of the sporulated oocyst of
Eimeria sculpta from Levine and Ivens, 1972, with permis-
sion of the Journal of Protozoology.
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domestic rabbit, O. cuniculus, or to the Iowa
cottontail, S. floridanus.

Pathology: Unknown.
Material deposited: None.
Remarks: Madsen (1938) distinguished this

species from all others reported from hares by
two features: the lack of an OR combined
“with the sculpture distributed all over the
oocyst.” Carvalho (1943) said that the sporu-
lated oocysts he observed “possessed a much
wider M than Madsen’s specimens. The oocyst
wall was thicker near the M, and several speci-
mens showed the marginal lappet around it.
No other differences were noted.” The oocysts
measured by Pakandl (1990) were 30.2 � 25.2
(28e35 � 22e27) with a M 4.6 (3.5e6), but no
OR, and sporocysts were 15.6 � 8.1 (14e18 �
7.5e9.5).

EIMERIA SEMISCULPTA
(MADSEN, 1938) PELLÉRDY, 1956

Synonyms: Eimeria magna var. robertsoni forma
semisculpta Madsen, 1938 pro parte; Eimeria

irresidua forma campanius Carvalho, 1943, pro
parte; non Eimeria semisculpta (Madsen, 1938)
Pellérdy, 1956, and of Pellérdy, 1965, 1974.

Type host: Lepus arcticus Ross, 1819, Arctic
hare.

Type locality: GREENLAND: Eastern, near
Eskimonaes, 74�050N.

Other hosts: Lepus europaeus Pallas, 1778, Euro-
pean hare; Lepus timidus L., 1758, Mountain hare
(?); Lepus townsendii Bachman, 1839, White-
tailed jackrabbit.

Geographic distribution: ASIA: Republic of
Belarus (Byelorussia of the former USSR) (?),
Lithuania (of former USSR); EUROPE: Czech
Republic, Finland, (former East) Germany,
Hungary, Norway, Poland; GREENLAND.

Description of sporulated oocyst: Oocyst shape:
elongate-fusiform (Madsen, 1938), to broadly
ellipsoidal, slightly truncated at one pole (Pel-
lérdy, 1956); number of walls: 2; wall character-
istics: ~1 thick, brownish-yellow, uniformly
thick, smooth, except over the M hemisphere
where it is punctate; the external layer can be
easily detached by coverslip compression after
the oocyst has been in potassium dichromate
for some time; L � W: 42.7 � 25.8 (34e52 �
23e32); L/W ratio: 1.6; M: present; M character-
istics: 6e8 wide, plug-shaped; OR: present; OR
characteristics: a compact, spheroidal mass;
PG: absent. Distinctive features of oocyst:
slightly truncated at end with M and compact,
spheroidal OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: long, spindle-shaped or elongate-
fusiform; L � W: 22e28 � 7e8; L/W ratio:
~3.3; SB: present; SSB, PSB: both absent; SR:
present; SR characteristics: some diffuse gran-
ules located centrally between SZ; SZ: comma-
shaped and lie head-to-tail with one clear RB
at thicker end. Distinctive features of sporocyst:
long, spindle-shape with only diffuse SR
granules.

Prevalence: 6/22 (27%) in the type host from
Greenland; Pastuszko (1961a) reported it in
47/462 (10%) L. europaeus from Poland and

FIGURES 5.46, 5.47 Line drawing of the sporulated
oocyst of Eimeria semisculpta from Sugár et al., 1978, in
Parasitologica Hungarica (journal no longer exists). Photo-
micrograph of a sporulated oocyst of E. semisculpta from
Pakandl, 1990, with permission of Folia Parasitologica.
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Gräfner et al. (1967) in 3/176 (2%) L. europaeus
from (former East) Germany. Litvenkova
(1969) said, “Of 52 hares (Lepus europaeus L.
and L. timidus L.) coccidian oocysts were found
in 22 (42.3%),” but she did not say whether E.
semisculptawas found in one or both of the Lepus
species. Arnastauskene and Kazlauskas (1970)
in 28/41 (68%) L. europaeus from Lithuania,
and Sugár et al. (1978) in 56/374 (15%) from
Hungary. In the Czech Republic, Pakandl
(1990) surveyed L. europaeus from 1983e1985
and found 48/350 (14%) infected with this
species. Also in the Czech Republic, Jirou�s
(1979) identified E. semisculpta in 100% of the
hares he examined, while Chroust (1984) found
it in only 8.3% and 3.6% of dead European
hares.

Sporulation: Exogenous. Oocysts sporulate in
72e80 hr at 23�C in 3% K2Cr2O7 solution (Gole-
manski, 1975).

Prepatent and patent periods: Unknown.
Site of infection: Duodenum.
Endogenous stages: Unknown.
Cross-transmission: Both Carvalho (1943) and

Pellérdy (1956) were unable to infect the
domestic rabbit with this species isolated from
L. europaeus. Burgaz (1973) was unable to trans-
mit E. semisculpta from L. timidus to the domestic
rabbit.

Pathology: Unknown.
Material deposited: None.
Remarks: As with other rabbit eimerian

species that began with the publication by
Madsen (1938), the history involved in the
discovery and description(s) of this species is
confusing and tortuous at best. Madsen (1938)
had collected feces from L. arcticus groenlandicus
Rhodes, 1896, in Eastern Greenland and
measured 760 oocysts, which he grouped into
four types (A, B, C, D), with the first three
each having subtypes (aec) each represented
by a different line drawing. He named his
Type C (his Fig. 6b) E. magna var. robertsoni
forma semisculpta. He cited the features that
the oocysts of his form shared with those of

E. magna, but distinguished his by the thick-
ened edge he saw around the M and, “only
by the front part of the cyst being finely sculp-
tured.” That is, the top half of the oocyst in
which the M is located showed a finely sculp-
tured or stippled effect in optical cross section,
but was not seen in the other half. In his brief
description, he did not mention (p. 14), and
then did mention (p. 33), the presence of an
OR. His (1938) line drawing (Fig. 6b), showed
a large, prominent OR as a ball of granules.
On the one hand, the OR in his line drawing
may have been a lapus calami (slip of the pen),
if we are to believe later, credible authors, or
these latter authors (Carvalho, 1943; Pellérdy,
1956, 1965, 1974) were remiss in including an
OR as one of the distinguishing structural
features of this species. To wit, Carvalho
(1943), working with L. townsendii campanius
Hollister, 1915, in Iowa, USA, found eimerian
oocysts similar to those reported by Madsen
(1938, as E. m. var. robertsoni forma semisculpta),
but named them as a new form (forma campa-
nius) of E. irresidua and gave a line drawing
of a sporulated oocyst (his Fig. 15) that lacked
an OR. Pellérdy (1956), who studied eimerians
from L. europaeus in Hungary, emended Mad-
sen’s (1938) name to E. semisculpta Madsen,
1938 (emend.) and included as synonyms E. i.
forma campanius Carvalho, 1943, and E. m.
var. robertsoni forma seimsculpta Madsen, 1938,
pro parte. Pellérdy (1956) said the ellipsoidal
oocysts he studied were reminiscent of those
of E. irresidua from the tame rabbit, with
parallel walls, a broad M ~6e8 wide, and that
in the anterior half of the oocysts the outer
wall is markedly granulated, adding, “the
boundary of the granulated layer is sharp,
commonly oblique, and lies at about the middle
of the oocysts.” The oocysts he (1956) measured
were 38 � 25 (35e45 � 22e27) and lacked an
OR, with sporocysts 18 � 9, each with a large
SR. His later treatises (Pellérdy, 1965, 1974)
retained that view, as did another redescription
of E. semisculpta by Pakandl (1990), who said
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oocysts were 40.7 � 25.3 (37e46 � 23e29) with
a M 4.3 (3.5e5.5), but no OR, and sporocysts
were 19.8 � 9.4 (18e21 � 9e10). These latter
reports may well have solidified the presence
of a distinct, granular SR and the absence of
a distinct OR in E. semisculpta. However, Aoutil
et al. (2005) took an exception to Pellérdy (1956,
1965, 1974) and the existence of E. semisculpta as
a name; they stated, “The taxon semisculpta is in
our opinion invalid, since the type from
Greenland differs from that of Hungary by its
size and the presence of OR in the former but
not the later. Thus validity of elevating the
form “semisculpta” to species rank cannot be
maintained.” Obviously, one cannot just delete
a species name that has existed in the literature
for eight decades; however, the presence or
absence of a large, distinct OR as a structural
character has been used hundreds of times in
the coccidian literature to help distinguish
between species, and this difference, it seems
to us, must redefine the distinguishing struc-
tures of E. semisculpta to be in agreement with
Levine and Ivens (1972). They emended the
name of the form from Carvalho (1943), “E. irre-
sidua form campanius,” to be “E. campania Car-
valho, 1943” (see Remarks under E. campania,
above) to include the E. semisculpta of Pellérdy,
1956 (a species without an OR), as a synonym,
but not the E. m. var. r. forma semisculpta Mad-
son, 1938, which has an OR. Golemanski (1975)
said that the oocysts are 38.0 � 24.5 (35e43 �
23e27) with sporocysts 19e21 � 8e10. Unfor-
tunately, some authors added little or no new
or useful information. For example, Pastuzko
(1961a) used Pellérdy’s description (which is
now E. campania) and Gräfner et al. (1967), Lit-
venkova (1969), and Arnastauskene and
Kazlauskas (1970) all gave no description. The
sporulated oocysts of this species also
resemble, to a certain extent, those of E. irresi-
dua. Berg (1981) reported this species in
Norway, and Soveri and Valtonen (1983)
reported it in Finland, both in the European
hare, but neither gave any other information.

EIMERIA SEPTENTRIONALIS
YAKIMOFF, MATSCHOULSKY &

SPARTANSKY, 1936

Synonyms: Eimeria exigua var. septentrionalis
Yakimoff et al. (1936) of Madsen, 1938; Eimeria
babatica Sugár (1978).

Type host: Lepus timidus L., 1758, Mountain
hare.

Type locality: ASIA: Russia: Murmansk (Kola
Peninsula).

Other hosts: Lepus arcticus Ross, 1819, Arctic
hare; Lepus europaeus Pallas, 1778, European
hare; Lepus townsendii Bachman, 1839, White-
tailed jackrabbit.

Geographic distribution: ASIA: Russia;
EUROPE: Czech Republic, Portugal;
GREENLAND: near Eskimonaes; MIDDLE/
NEAR EAST: Turkey; NORTH AMERICA:
USA: Iowa.

Description of sporulated oocyst: Oocyst shape:
ovoidal to subspheroidal; number of walls: 2;
wall characteristics: ~1, smooth, with horn-like
extensions on each side of M; L � W: 26.7 �
21.6 (24e32 � 20e22; Yakimoff et al., 1936) or
23.8 � 20.6 (23e32 � 20e23; Carvalho, 1943);

FIGURE 5.48 Line drawing of the sporulated oocyst of
Eimeria septentrionalis redrawn from Yakimoff et al., 1936
(original).
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L/W ratio: 1.2 (1.1e1.5); M: present; M charac-
teristics: 10e12 wide, surrounded by a promi-
nent, thickened margin (lappets); OR, PG: both
absent. Distinctive features of oocyst: wide M
with horn-like extensions of wall (marginal
lappets) on each side of it and lack of both OR
and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal, ellipsoidal to fusiform; L �
W: 12e16 � 6e8; SB: likely present (Madsen,
1938; Carvalho, 1943), but not seen by Yakimoff
et al. (1936); SSB, PSB, SR: all absent; SZ:
sausage-shaped to comma-shaped and lie head-
to-tail with one clear RB at thicker end. Distinc-
tive features of sporocyst: absence of a SR.

Prevalence: Not given for the type host in
Russia. Carvalho (1943) found it in 4/12 (33%)
L. townsendii in Iowa. The numbers given by
Madsen (1938) in Greenland cannot be used
because he was dealing with more than one
species. In the Czech Republic, Pakandl (1990)
surveyed L. europaeus from 1983e1985 and
found 98/350 (28%) infected with this species.
Tasan and Özer (1989) said it occurred in 2/40
(6%) hares they surveyed in Turkey between
1985e1987.

Sporulation: Exogenous. Oocysts sporulated
in 60 (55e65) hr (Carvalho, 1943).

Prepatent and patent periods: Unknown.
Site of infection: Unknown.
Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) was not

able to transmit this species either to the
domestic rabbit, O. cuniculus, or to the Iowa
cottontail, S. floridanus.

Pathology: Unknown.
Material deposited: None.
Remarks: The description, above, is based on

those of Yakimoff et al. (1936) and Carvalho
(1943). Madsen (1938) reported this species
under the name E. exigua var. septentrionalis,
but E. exigua is an entirely distinct species that
is smaller and does not possess a M. Madsen’s
statement, “Micropyle absent or, if present,
broad, more or less indistinct, sometimes

surrounded by a thickened margin,” led Car-
valho (1943) to believe that Madsen (1938) was
dealing with two distinct species, an evaluation
with which we concur. Matschoulsky (1941)
said he found oocysts that resembled this
species in L. timidus from Buryat-Mongol
(former USSR) and that the ovoidal oocysts
had a M ~8 wide, and were 27.2 � 21.9 (25e30
� 16.5e26) with sporocysts 10e13 � 5e7. Pak-
andl (1990) identified the oocysts he saw from
hares in the Czech Republic (1983e1985) as E.
babatica, but, as we point out, this species is actu-
ally E. septentrionalis (see Remarks under E. baba-
tica, below). The oocysts measured by Pakandl
(1990) were 25.7 � 18.9 (22e30 � 17e20.5)
with a M, and an OR was either absent or
present (?); sporocysts were 14.4 � 7.0 (12e16
� 5.5e8). Vila-Viçosa and Caeiro (1997) reported
this species in L. capensis in Portugal, with
ovoidal oocysts 22.5e24.3 � 20.6e22.5.

EIMERIA STEFANSKII
PASTUSZKO, 1961a

Type host: Lepus europaeus Pallas, 178, Euro-
pean hare.

Type locality: EUROPE: Poland.
Other hosts: None reported to date.
Geographic distribution: ASIA: Lithuania

(former USSR); EUROPE: Austria, (former) Cze-
choslovakia, Poland.

Description of sporulated oocyst: Oocyst shape:
ellipsoidal to ovoidal, with narrow, tapering
ends; number of walls: 1 (line drawing); wall
characteristics: light yellow to dark brown
with a distinct thickening around M; L � W:
59e68 � 32e37 (means not given); L/W ratio:
not given; M: present; M characteristics: 7e9
wide, giving oocyst a slightly flattened appear-
ance; OR: present; OR characteristics: a compact
mass of large granules that markedly refracts
light, ~16 wide; PG: absent. Distinctive features
of oocyst: largest of the rabbit eimerians, elon-
gated shape, and its large OR.
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Description of sporocyst and sporozoites: Sporo-
cyst shape: spindle-shaped to elongate ovoidal;
L � W: 15 long (neither W, nor ranges given);
SB: reported as absent, but it likely is present
at pointed end of sporocyst (line drawing);
SSB, PSB, SR: all absent; SZ: comma-shaped
and lie head-to-tail in sporocyst with one clear
RB at wide end. Distinctive features of sporo-
cyst: spindle-shape and absence of SR.

Prevalence: 3/462 (0.6%) in the type host.
Arnastauskene and Kazlauskas (1970) reported
it in 1/41 (2%) L. europaeus in Lithuania.

Sporulation: Exogenous. Oocysts sporulate in
4e6 wk at 20e25�C.

Prepatent and patent periods: Unknown.
Site of infection: Small intestine.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.

Material deposited: None.
Remarks: This species has the largest sporu-

lated oocysts known from any hare, to date,
but the morphology of its sporulated oocyst still
remains poorly defined even though it has been
reported several times since Pastuszko first
described and named it (1961a). It is very rare
and, when found, it is always with negligible
prevalence (e.g., in Austria by Kutzer and
Frey, 1976; in Czechoslovakia by Chroust, 1979;
in Lithuania by Arnastauskene, 1982).

EIMERIA STIEDAI (LINDEMANN,
1865) KISSKALT AND HARTMANN,

1907 (FIGURES 6.25, 6.26)

Synonyms: Psorospermium oviforme Remack,
1854; Monocystis stiedae Lindemann, 1865; Psoro-
spermium cuniculi Rivolta, 1878; Coccidium ovi-
forme Leuckart, 1879; Eimeria oviformis
(Leuckart, 1879) Fantham, 1911.

Type host: Oryctolagus cuniculus (L., 1758),
European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
by Lindemann (1865). Species of both Lepus
(hares) and Sylvilagus (cottontails) have been
reported to be infectedwith E. stiedai either natu-
rally or experimentally or both. Thus, it seems
that this is the only eimerian that can infect all
three leporid genera, although in Lepus and Syl-
vilagus species it seems to be rare in nature. It
should also be noted that at least some of these
early reports are probably erroneous. For
example, in 1932 Boughton (p. 535) said he
found E. stiedai in the American hare, L. ameri-
canus, in Western Canada, but gave no facts or
evidence to support his identification, and
Henry (p. 282) said that she saw this eimerian
(and three others reported from the domestic
rabbit) in one Black-tailed jackrabbit from Cali-
fornia, USA, again with no evidence. Ry�savý
(1954) said he found this species in both O. cuni-
culus and in L. europaeus in the Czech Republic

FIGURE 5.49 Line drawing of the sporulated oocyst of
Eimeria stefanskii from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.
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with oocysts that were 34.4 � 19.3 (30e40 �
15e21) and sporocysts 13e18 � 7.7, and that
these oocysts sporulated in 60e75 hr. The para-
site was found in the liver and was abundant
in the domestic rabbits they sampled (Ry�savý,
1954). Varga (1976) infected nine hares (L. euro-
paeus) with E. stiedai oocysts from O. cuniculus
and found that each of them had macroscopic
liver lesions after infection. Scholtyseck et al.
(1979) transferred sporulated oocysts of E. stiedai
from O. cuniculus to six young, coccidia-free L.
europaeus and detected all stages of the endoge-
nous cycle from sporozoites to oocysts by both
light and electron microscopy. Mandal (1976)
said he recovered oocysts of E. stiedai in a Lepus
sp. from Kashipur, India, with ovoidal to ellip-
soidal oocysts that were 26e40� 16e24, without
anOR, and that it had ovoidal sporocysts, 17� 9,
with a SR; these oocysts sporulated in 72 hr. Lit-
venkova (1969) said, “Of 52 hares (Lepus euro-
paeus L. and L. timidus L.) coccidian oocysts
were found in 22 (42.3%),” but she did not say
whether E. stiedai was found in one or both of
the Lepus species. There seems to be a sufficient
number of observations of E. stiedai endogenous
stages in the liver of Lepus species, but it would
be better to have molecular confirmation of its
species status in Lepus species. Finally, in an
unpublished Master’s thesis, Ogedengbe (1991)
said he isolated this species in the gall bladders
of three of the rabbits surveyed in Kaduna State,
Nigeria. However, he (1991) neglected to state
how many rabbits were surveyed, nor did he
mention the host species; Anonymous (2012)
lists the Cape hare, L. capensis, as the only lago-
morph species found in Nigeria. Vila-Viçosa
and Caeiro (1997) reported this species in both
O. cuniculus and L. capensis in Portugal, with
the ellipsoid oocysts from O. cuniculus being
33e37.5 � 16.8e19.5. Aoutil et al. (2005)
reported E. stiedai in L. europaeus in France; their
oocysts were 37 � 22 (33e40 � 19e24) with
sporocysts, 18 � 10. See Chapter 6 (Figures
6.25, 6.26) for the complete description of E.
stiedai.

EIMERIA SYLVILAGI CARINI, 1940
(FIGURE 7.19)

Type host: Sylvilagus brasiliensis (L., 1758),
Tapeti or Brazilian cottontail.

Remarks. Mandal (1976) said he recovered
oocysts of this species in L. nigricollis (syn. L.
ruficaudatus) from Kashipur, India, with ovoidal
oocysts that were 21e39 � 16.2, without an OR,
and had ovoidal to ellipsoidal sporocysts, 16 �
7, with a SR. We suspect this was an erroneous
identification and await molecular confirmation
that E. sylvilagi is indeed found in Lepus species.
See Chapter 7 (Figure 7.19) for the complete
species description of this species.

EIMERIA TAILLIEZI AOUTIL,
BERTANI, BORDES, SNOUNOU,
CHABAUD & LANDAU, 2005

FIGURES 5.50, 5.51 Line drawing of the sporulated
oocyst of Eimeria tailliezi from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. tailliezi from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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Type host: Lepus europaeus Pallas, 1778, European
hare.

Type locality: EUROPE: France: Pyrénées-
Orientales.

Other hosts: None to date.
Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

elongate ellipsoidal; number of walls: 1 (line
drawing), but probably 2; wall characteristics:
thick, sculptured, dark brown anterior half,
often asymmetrical, with “one edge slightly
concave and the other more convex;” L � W:
42 � 23 (40e43.5 � 22e24.3); L/W ratio: 1.8;
M: present, flat; M characteristics: 6 wide; OR:
absent or may be present as only 2e3 small
grains; PG: absent. Distinctive features of
oocyst: elongate ellipsoidal shape, dark, sculp-
tured outer wall only on anterior half of oocyst,
an OR of only 2e3 grains.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal, pointed at one end
(line drawing); L �W: 19 � 9 (ranges not given);
L/W ratio: 2.1; SB: small, at pointed end; SSB,
PSB: both absent; SR: present; SR characteristics:
ellipsoidal compact mass of small grains (line
drawing), ~6 long; SZ: with one round RB at
rounded end. Distinctive features of sporocyst:
small SB, SR an ellipsoid compact mass of small
granule, and SZ with one spheroidal RB.

Prevalence: Found in 1/9 (11%) L. europaeus.
Sporulation: Presumably exogenous, but the

time and temperature are not known.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None, although the authors

designated their photomicrograph (their
Fig. 3.20) as the holotype and said “the photos
of the oocysts . have been deposited at the
laboratory.”

Remarks: Aoutil et al. (2005) found and
measured only eight oocysts from one rabbit to

describe this species; they provided a line
drawing and a photomicrograph in their orig-
inal description, but they did not deposit either
of these in an accredited museum, nor did they
provide all of the quantitative and qualitative
information needed and expected in a modern,
standardized species description (e.g., age of
the oocysts when studied, sporulation time
and temperature, sporocyst L, W ranges;
measurements of SZ, RB, etc.). The authors
argue that this species can be compared in size
and shape only to E. neoleporis from the cotton-
tail rabbit, S. floridanus, in Iowa, USA; oocysts
of E. neoleporis are elongate-ellipsoidal, 38 �
19.8, L/W ratio 2.0, while those of E. tailliezi
are ovoidal and larger, 42 � 23, L/W ratio 1.8.
Aoutil et al. (2005) listed the name as “Eimeria
tailliezi n. sp. Aoutil & Landau”; this is not,
and cannot be, the correct authority for this
species, since there is no separate published
paper by Aoutil and Landau describing and
naming it. Thus, the full scientific name (genus,
specific epithet, authority) must be as we listed
it above. Finally, based on only eight sporulated
oocysts from only one rabbit, and on the short-
comings of the species description noted here,
this form might best be relegated to a species
inquirenda until more information is known
about its morphology and biology.

EIMERIA TOWNSENDI
(CARVALHO, 1943)
PELLÉRDY, 1956

Synonyms: Eimeria magna forma townsendii
Carvalho, 1943 pro parte; Eimeria magna Pérard,
1925 of Henry, 1932, pro parte; Eimeria townsendi
Pellérdy, 1956; Eimeria townsendi (Carvalho,
1943) Pellérdy, 1956 of Pellérdy, 1965, 1974.

Type host: Lepus townsendii Bachman 1839,
White-tailed jackrabbit.

Type locality: NORTH AMERICA: USA: Iowa.
Other hosts: Lepus americanus Erxleben, 1777,

Snowshoe hare; Lepus europaeus Pallas, 1778,
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European hare; Lepus timidus L., 1758, Mountain
hare.

Geographic distribution: EUROPE: Austria,
Czech Republic, Finland, (former East) Germany,
Hungary, Italy, Norway, Poland, Switzerland;
NORTH AMERICA: Canada: Alberta; USA:
California, Iowa.

Description of sporulated oocyst: Oocyst shape:
broadly ellipsoidal or ovoidal; number of walls:
2; wall characteristics: outer layer is ~1.4 thick,
finally granular, yellow-brown, darker and
thicker than inner and peels off after a few
days in K2Cr2O7 solution; inner is ~0.5 thick; L
� W: 40 � 23 (36e49 � 19e24) (Samoil and
Samuel, 1977a); L/W ratio: 1.7; M: present, 5.6
(5e7) wide; OR: either present (Carvalho,
1943) or “invariably absent” (Pellérdy, 1956;
Samoil and Samuel, 1977a); PG: absent. Distinc-
tive features of oocyst: thicker outer wall layer
that peels off after storage.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate spindle-shaped, but

line-drawing shows them to be ellipsoidal,
pointed at one end; L �W: 18.4 � 9.1 (17e20 �
8e10); L/W ratio: 2.0; SB: present at slightly
pointed end of sporocyst; SSB, PSB: both absent;
SR: present; SR characteristics: abundant
disbursed granules; SZ: elongate-ovoidal and lie
head-to-tail with one central, large RB at wider
end. Distinctive features of sporocyst: spindle-
shape with SR of abundant disbursed granules.

Prevalence: 3/12 (25%) in the type host; Pas-
tuszko (1961a) found this species in 150/462
(32%) L. europaeus in Poland, Gräfner et al.
(1967) in 1/176 (0.5%) L. europaeus in (former
East) Germany, Sugár et al. (1978) in 6/374
(<2%) L. europaeus in Hungary, and Bouvier
(1967) found it rarely in L. europaeus in
Switzerland. Kutzer and Frey (1976) found this
species in 37% of European hares in Austria,
while Jirou�s (1979) found it in 33% of rabbit fecal
samples collected in the Czech Republic. Samoil
and Samuel (1977a) reported it in 314/620 (50%)
L. americanus in Alberta, Canada. Also in the
Czech Republic, Pakandl (1990) surveyed L.
europaeus from 1983e1985 and found 244/350
(70%) infected with this species.

Sporulation: Exogenous. Sporulation is
completed in most oocysts after 6 days at 20�C
in 2.5% (w/v) aqueous K2Cr2O7 solution
(Samoil and Samuel, 1977a).

Prepatent and patent periods: Unknown.
Site of infection: Uncertain, since oocysts were

recovered from feces in most studies. Pastuszko
(1961a) thought this species was localized in the
small intestine and Pellérdy (1974) said “this
coccidium probably localizes in the small intes-
tine,” but Bouvier (1967) said it occurs in the
cecum. Pakandl (1990) looked at three digestive
tracts inwhichhe found large numbers of oocysts
and gametocytes in the cecum and anterior colon.
When he compared these to mucosal scrapings
from the same site he concluded these were
developmental stages of E. townsendi, but it is
not clear how he made that decision since the
endogenous stages ofE. townsendi are not known.

Endogenous stages: Unknown.

FIGURES 5.52, 5.53 Line drawing of the sporulated
oocyst of Eimeria townsendi from Samoil and Samuel, 1977a,
with permission from the Canadian Journal of Zoology.
Photomicrograph of a sporulated oocyst of E. townsendi

from Samoil and Samuel, 1977a, with permission from the
Canadian Journal of Zoology.
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Cross-transmission: Carvalho (1943) was not
able to transmit this species either to the
domestic rabbit, O. cuniculus, or to the Iowa
cottontail, S. floridanus. Pellérdy (1954) was not
able to infect the domestic rabbit with this
species isolated from L. europaeus.

Pathology: Unknown, but Bouvier (1967) said
it was “null.” Tacconi et al. (1995) found oocysts
of E. townsendi in the intestinal contents of four
dead juvenile L. europaeus in Italy. The oocysts
were always found with those of E. europaea, E.
hungarica, and E. robertsoni in these dead hares,
which all showed severe enteritis as the cause
of death but, obviously, it was impossible to
determine which of these species was the most
pathogenic or if the pathology was caused by
the synergistic effect(s) of infection with all
four species.

Material deposited: None.
Remarks: Carvalho (1943), working with L.

townsendii campanius Hollister, 1915, in Iowa,
USA, found eimerian oocysts in three jack
rabbits that were similar to those of E. magna
known to be a parasite of O. cuniculus. He tried
to infect six young, tame rabbits and two cotton-
tails (Sylvilagus), but could not get patent infec-
tions. For this reason, he chose to name the
oocysts he found as E. magna form townsendii,
rather than to name a new species. Unfortu-
nately, when he created this new “form” he
made two mistakes that confused some later
workers. First, he created the “form” based
strictly on the negative results of his cross-
transmission experiments and failed to mention
any morphological differences between his new
“form” and the parent species to which it was
attached; and second, he referred the reader to
a line drawing of E. magna (his Plate I, Fig. 1)
that he had used earlier to define it when discus-
sing the differences between “The Coccidia of
the Tame Rabbit, Oryctolagus cuniculus (Lin-
naeus).” Fortunately, Pellérdy (1956), who
studied eimerians from L. europaeus in Hungary,
emended Carvalho’s (1943) name to E. townsendi
(not townsendii), stated that the “extra-residual

body is invariably absent” from the ovoidal
oocysts, and provided the first line drawing
(his Fig. 17) to demonstrate its absence. Later
workers (Bouvier, 1967; Levine and Ivens,
1972; Samoil and Samuel, 1977a; Tacconi et al.,
1995) have supported Pellérdy’s (1956) correc-
tion of Carvalho’s (1943) omission. However,
some authors (e.g., Aoutil et al., 2005) still
express confusion, thinking that Carvalho’s
(1943) reference to a line drawing of E. magna,
to which he compared his new “form,” meant
that sporulated oocysts of his “form townsendi”
literally had an OR, which was never stated in
his 1943 paper. Thus, Aoutil et al. (2005) wrote,
“The taxon E. townsendi must, therefore, be
abandoned.” Obviously, one cannot just delete
a species name that has existed in the literature
for more than 50 years, especially given the veri-
fication of Pellérdy’s (1956) observation by
many later authors (Bouvier, 1967; Levine and
Ivens, 1972; Pakandl, 1990; Samoil and Samuel,
1977a; Tacconi et al., 1995). In addition to
providing both a line drawing and a photomi-
crograph of this species, Samoil and Samuel
(1977a) documented the presence of a SB as
“an indistinct light-refracting area at the narrow
end” of the sporocyst, a structure that Pellérdy
(1956) did not see or describe. Pellérdy (1956)
said the oocysts were ovoidal and measured
40 � 28 (37e44 � 28e31). Pastuszko (1961a)
said the ovoidal oocysts were 43 � 31 (37e54.5
� 25e39) with no OR, but with a M and a SR.
The oocysts measured by Pakandl (1990) were
36.0 � 22.7 (32.5e39 � 21e25) with a M 4.9
(4e6), but no OR, and its sporocysts were 17.0
� 8.9 (16e19 � 8e11). These oocysts are smaller
than those given by other authors (Pellérdy,
1956, 1974; Pastuszko, 1961a; Sugár et al.,
1978). Berg (1981) reported this species in
Norway, and Soveri and Valtonen (1983)
reported it in Finland, both in the European
hare, but neither gave any other information.
Tacconi et al. (1995) found this species in the
intestinal contents of four dead juvenile L. euro-
paeus from a breeding farm in Italy. Their
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ovoidal oocysts were 36e44 � 25e31 and both
M and OR were absent; this species was always
found with E. europaea, E. hungarica, and E. rob-
ertsoni in these dead hares. Terracciano et al.
(1988) identified this species in L. europaeus
from two protected areas in the Province of
Pisa, Italy. The ovoidal oocysts they studied
were 36e44 � 25e31 with a M and SR, but lack-
ing an OR.

SPECIES INQUIRENDAE (7)

Eimeria babatica Sugár, 1978

Synonym: Eimeria babatica Aoutil, Bertani,
Bordes, Snounou, Chabaud and Landau, 2005

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Sugár (1978) described this as a new
species from the European hare in Hungary.
Sporulated oocysts were broadly- or elongate-
ovoidal with a two-layered wall 0.8e0.9, and
measured 25 � 19 (20e30 � 16e21), with L/W
ratio: 1.3. A distinct M was present ~6e8 wide,
with a conspicuous, collar-like projection. Both

an OR and PG were absent. Sporocysts were
elongate-ovoidal, 14 � 7 (13e15 � 6e7.5),
L/W ratio: 2.0. Both a SB and SR were present,
but a SSB and PSB were both absent. SZ were
11e11.5 � 4.2e4.6 with one large and one
smaller RB. He compared E. babatica with other
species of Eimeria from Lepus species. Initially, in
his 1978 publication, he found E. babatica to
differ from E. septentrionalis by being smaller
in width, having a smaller M and having a SR.
However, in a personal letter he wrote to Dr.
Steve J. Upton (formerly of Kansas State Univer-
sity) that was received sometime after 1978
(Sugár’s letter was not dated) he wrote, “Now
I think the Eimeria babatica isn’t a new species,
as it is identical with E. septentrionalis. Sorry,
but in Pellérdy’s monography the description
isn’t complete enough and laterdafter my
article (was) publisheddI read a more complete
description by Kutzer.” Aoutil et al. (2005) said
they found this (non) species in L. granatensis
from France, but noted that their form differed
from the original description by having a smaller
M and not having a SR. They, like Sugár (1978),
likely were observing oocysts of E. septentrionalis
and, of course, they had no knowledge of
Sugár’s personal letter to Dr. Upton that dis-
counted the existence of E. babatica.

Eimeria belorussica Litvenkova, 1969

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: This species was described in an
abstract presented in the Third International
Congress on Protozoology, Leningrad, by Lit-
venkova (1969), who said she found it in rabbits
in Byelorussia, one of 15 constituent in republics
of the former Soviet Union (USSR), now the
Republic of Belarus since 1991. Unfortunately,
Litvenkova (1969) said, “Of 52 hares (Lepus euro-
paeus L. and L. timidus L.) coccidian oocysts were
found in 22 (42.3%),” but she did not say
whether this form was found in one or both of
the Lepus species. Pellérdy (1974) hints that he

FIGURE 5.54 Line drawing of the sporulated oocyst of
Eimeria babatica from Sugár, 1978 from Parasitologida Hun-

garica (journal no longer exists); this species is a junior
synonym of E. septentrionalis.
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also found this species in L. timidus in Hungary.
The sporulated oocyst was described as ovoidal
to ellipsoidal with a two-layered wall that is
pale brown; L �W: 26e28 � 14e16; L/W ratio:
1.8; M: present on flattened end; sporocysts
were described only as ovoidal and reported
to sporulate within 60 hr. To our knowledge,
however, neither a line drawing nor a photomi-
crograph exists for this form, so it must be rele-
gated as a species inquirenda.

Eimeria gresae Aoutil, Bertani, Bordes,
Snounou, Chabaud & Landau, 2005

Original host: Lepus granatensis Rosenhauer,
1956, Granada hare.

Other hosts: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Remarks: This species was described from
rabbits collected in France. The oocysts were
slightly ovoidal, slightly flattened at the end
with the M, and had a thin, smooth, light yellow
wall that thickens slightly around the M. They

measured 33 � 22 (28e39 � 20e24), L/W ratio:
1.5, had a M ~8 wide, with a slightly bulging
dome, and an OR that was a spheroidal mass
of coarse granules ~9 wide; there was no PG.
Sporocysts were ellipsoidal, 19 � 8.5 (ranges
not given), with a small SB at the pointed end,
but SSB, PSB, and SR were absent; SZ each
have two RBs, one larger than the other. The
photomicrographs presented by the authors
for this form (their Fig. 1.12) and for E. coquelinae
(their Fig. 1.11) look somewhat different because
of the adherent intestinal material around the M
in their Fig. 1.11. However, the oocyst and
sporocyst mensural features and L/W ratios,
along with all other qualitative features (e.g.,
large OR present, SR absent, etc.), are identical.
Given the natural variability of oocysts of most
known eimerians from mammals, especially
rabbits, we think these may be the same species
and prefer to wait until definitive molecular
data can distinguish between them, or not.

Eimeria mazierae Aoutil, Bertani,
Bordes, Snounou, Chabaud
& Landau, 2005

FIGURES 5.55, 5.56 Line drawing of the sporulated
oocyst of Eimeria gresae from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. gresae from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.

FIGURES 5.57, 5.58 Line drawing of the sporulated
oocyst of Eimeria mazierae from Aoutil et al., 2005, with
permission of the authors and from (the journal) Parasite.
Photomicrograph of a sporulated oocyst of E. mazierae from
Aoutil et al., 2005, with permission of the authors and from
(the journal) Parasite.
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Original host: Lepus granatensis Rosenhauer, 1956,
Granada hare.

Remarks: This species was described from
rabbits collected in France. The oocysts were
broadly ovoidal, slightly flattened at end with
the M, and had a thin, smooth, light yellow
wall that thickens slightly around the M. They
measured 40 � 29 (39e41 � 29e31); L/W ratio:
1.4, had a M ~8 wide, that was pyramidal in
shape, and an OR that was a large irregular
mass ~14e15 wide, that showed diverticula
extending between sporocysts; there was no
PG. Sporocysts were ellipsoidal, 18 � 10 (ranges
not given), with a small SB at the pointed end,
but SSB, PSB, and SR were absent. Aoutil et al.
(2005) named and described this species from
only two oocysts. Given the normal variability
of oocysts from all eimerian species discharged
by mammals in general, and rabbits in partic-
ular, we believe there is not enough quantitative
and qualitative morphological information
available to name this form a valid species.
Although Aoutil et al. (2005) provided a line
drawing and a good photomicrograph of this
form in their description, they did not provide
all of the quantitative and qualitative informa-
tion needed and expected in a modern, stan-
dardized species description (e.g., age of the
oocysts when studied, sporulation time and
temperature, sporocyst L, W ranges; measure-
ments of SZ, RB, etc.). This is disappointing
and below acceptable standards; for these
reasons we must conclude that this form be rele-
gated as a species inquirenda until sufficient
morphological data are available to characterize
it accurately enough to evaluate its status vis-à-
vis other established species. Finally, in present-
ing their description of this new species in their
published paper (Aoutil et al., 2005) the authors
list the name as “Eimeria mazierae n. sp. Aoutil &
Landau”; this is not, and cannot be, the correct
authority for this species, since there is no sepa-
rate published paper by Aoutil and Landau
describing and naming it. Thus, the full scien-
tific name must be as we have listed it above.

Eimeria sp. Golemanski, 1975

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Golemanski (1975) found this form
in 32% of an unstated number of hares in
Bulgaria. The ovoidal oocysts were 25 � 18
(18e30� 15e20) with a M and aMC; sporocysts
were 11e16 � 7e8. The oocysts sporulated in
28e56 hr at 23�C in 3% K2Cr2O7 solution.
Nothing else is known about this species.

Eimeria sp. No. 1 Gvozdev, 1948

Original host: Lepus tolai Pallas, 1778, Tolai
hare.

Remarks: Levine (pers. comm., see Acknowl-
edgments) found a paper by Svanbaev (1979)
that is unavailable to us. From that paper, Lev-
ine cited another paper by Gvozdev (1948) that
was unavailable to him (and also to us). Accord-
ing to Levine, Svanbaev (1979) said that Gvoz-
dev (1948) found oocysts representing two
forms of Eimeria in the feces of the Tolai hare
in Kazakhstan (former USSR). The first group
of oocysts were ovoidal, yellow, 32e36 �
23e25 with a “double-contoured” wall and
a well-formed M, but lacked an OR. Nothing
else is known about this species.

Eimeria sp. No. 2 Gvozdev, 1948

Original host: Lepus tolai Pallas, 1778, Tolai
hare.

Remarks: Levine (pers. comm., see Acknowl-
edgements) found a paper by Svanbaev (1979)
that is unavailable to us. From that paper Levine
cited another paper by Gvozdev (1948) that was
unavailable to him (and also to us). According
to Levine, Svanbaev (1979) said that Gvozdev
(1948) found oocysts representing two forms of
Eimeria in the feces of the Tolai hare in
Kazakhstan (former USSR). This second group
consisted of oocysts that were spheroidal
14e15 wide, or ovoidal 14e18 � 10e13, with
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a well-defined M, and the sporocysts had
a distinct SR. Nothing else is known about this
species.

DISCUSSION AND SUMMARY

Coccidiosis in Hares

Pellérdy (1974) said that clinical disease and/
or even lethal coccidiosis develops in hares only
under special circumstances such as their trans-
port and/or confinement to limited space for
breeding or other purposes that could favor
massive infection with sporulated oocysts. He
also felt that younger animals were more
susceptible than older ones. The main symptom
of the disease in hares and jack rabbits is diar-
rhea, which can become lethal.

There are isolated reports that at least five
Eimeria species found in Lepus species are asso-
ciated with moderate to severe pathology
including E. europaea, E. hungarica, E. leporis, E.
robertsoni, and E. townsendi.

Eimeria europaea

Levine and Ivens (1972) said that E. europaea
is “possibly” pathogenic, while Bouvier (1967)
said that E. europaea may cause serious lesions
and hemorrhage in the cecum of young hares,
but more discrete lesions in adults. Tacconi
et al. (1995) found this species in the intestinal
contents of four dead juvenile L. europaeus in
Italy. The oocysts were always found with
oocysts of E. hungarica, E. robertsoni, and E. town-
sendi in these dead hares, which all showed
severe enteritis, but there was no way to deter-
mine which species caused the pathology and
death or whether it was the synergistic or over-
whelming presence of all four species.

Eimeria hungarica

Bouvier (1967) recovered E. hungarica from
a European hare in Switzerland and said that it
had severe enteritis. Post-mortem examination

of the “cachectic carcass” revealed extensive
epithelial desquamation and hemorrhagic
inflammation in the intestine. Numerous
masses of (unidentified) endogenous stages
were seen microscopically and the cause of the
enteritis was purported to be a mixed infection
with E. leporis and E. robertsoni, but chiefly, E.
hungarica. Tacconi et al. (1995) found this species
in the intestinal contents of four dead juvenile L.
europaeus in Italy. The oocysts were always
found with oocysts of E. europaea, E. robertsoni,
and E. townsendi in these dead hares, which all
showed severe enteritis, but there was no way
to determine which species caused the
pathology and death or whether it was the
synergistic or overwhelming presence of all
four species.

Eimeria leporis

Bouvier (1967) said that E. leporis may cause
severe enteritis, sometimes hemorrhagic, espe-
cially in young hares. Pellérdy et al. (1974) sug-
gested that E. leporis was responsible for the
death of 14/227 (6%) hares in Hungary that
died spontaneously of coccidiosis. The main
gross lesions consisted of grayish-white foci
1e2 mm wide along the entire length of the
small intestine, especially the ileum. The villi
were enlarged and the focal lesions were often
confluent. The intestinal capillaries also were
noted to be dilated and congested. Pellérdy
et al. (1974) killed two young hares, which
already had what they said was a “slight” infec-
tion with E. leporis, by administering 2 million
sporulated oocysts to each of them. They
concluded that the hare’s immune response to
this eimerian is very weak, and that this low
immunogenicity may account for the high prev-
alence of this species in hares.

Eimeria robertsoni

Madsen (1938) said that one L. arcticus fed an
unspecified number of oocysts of E. robertsoni
died one week later with emaciation, sugges-
tions of diarrhea (whatever that means),
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a mucosanguine exudate in the posterior small
intestine, and an enormously swollen urinary
bladder.

Eimeria townsendi

Bouvier (1967) said that pathology due to this
species was “null,” while Tacconi et al. (1995)
found this species in the intestinal contents of
four dead juvenile L. europaeus in Italy. The
oocysts of this species were always found with
oocysts of E. europaea, E. hungarica, and E. robert-
soni in these dead hares, which all showed
severe enteritis as the cause of death, but there
was no way to determine which species caused
the pathology and death or whether it was the
synergistic or overwhelming presence of all
four species.

Finally, Golo�sin and Te�si�c (1963) and Golo�sin
et al. (1963) reported “considerable” losses from
coccidiosis (species not identified) among hares
exported from Yugoslavia to Italy and France.

Host Specificity In Lepus Eimerians

The degree of host specificity varies from
host group to host group; it has been studied
best in mammals, and to a lesser degree in birds,
especially domesticated stock/flock animals.
There currently are two lines of evidence used
to help determine the host specificity of a cocci-
dian species: well-controlled cross-transmission
studies and finding the parasite in one or more
host species different from those in which it
was originally described. Experimental cross-
transmission studies can prove conclusively
whether or not a coccidium can live and repro-
duce in another host species. Finding oocysts
(which then must be sporulated before identifi-
cation can be attempted) in the feces of a host
different from the one in which it was originally
recorded can suggest a lack of host specificity,
but such evidence has its drawbacks when
working with coccidia. There are many reasons
for this: sporulated oocysts have only a small
suite of structural characters that can help

distinguish one species from another; oocysts
from different host species can have very similar
morphometrics even though they are different
species (Upton et al., 1992); sporulated oocysts
of some species may naturally vary greatly in
size (up to 40%) when discharged over the
length of the patent period and, thus, appear
to be different (Duszynski, 1971; Gardner and
Duszynski, 1990; Duszynski et al., 1992); oocysts
produced by multiple gamonts developing in
a single host cell tend to be smaller than oocysts
that develop individually in one host cell
(Cheissin, 1967); the size of the inoculating
dose, the immune and nutritional status of the
host, and numerous other biotic interactions,
particularly the genome of both parasite and
host, must all additionally contribute to the
host specificity, or lack thereof, attributed to
each Eimeria species. Thus, some coccidia can
be exceedingly host specific, being limited only
to one host species (as far as we currently
know); some may cross species, but not genus
boundaries; some can be transmitted to and/
or be found in sister genera in the same host
family; and one species has even been reported
to cross familial lines, but this seems rare (De
Vos, 1970).

Ten eimerians for which a Lepus species is the
type host have been attempted to be experimen-
tally transmitted to the domestic rabbit, O. cuni-
culus, and six of these same species have been
attempted to be transmitted to the Iowa cotton-
tail, S. floridanus (see text above and Table 11.2).
In every cross-transmission attempt the results
were negative, indicating that Lepus eimerians
are very host specific for members of their host
genus, at least based on the evidence available
to us now (Nieschulz, 1923; Carvalho, 1943; Pel-
lérdy, 1954a, b, 1956; Lucus et al., 1959; Samoil
and Samuel, 1977b).

Reiterating these studies, Carvalho (1943)
was not able to transmit E. americana, E. campa-
nia, E. robertsoni, E. sculpta, E. semisculpta, E.
septentrionalis, or E. townsendii either to the
domestic rabbit or to the Iowa cottontail with
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oocysts isolated from L. townsendii. Pellérdy
(1954a, b, 1956) could not infect the domestic
rabbit with E. campania, E. europaea, E. hungarica,
E. leporis, E. robertsoni, E. semisculpta, or E. town-
sendi isolated from L. europaeus. Nieschulz (1923)
and Lucas et al. (1959) were unable to infect
domestic rabbits with E. leporis isolated from L.
europaeus. Samoil and Samuel (1977b) were not
able to infect O. cuniculuswith various numbers
of sporulated oocysts (100, 30,600, or 50,000) of
E. robertsoni isolated originally from a naturally
infected L. americanus.

Four eimerians forwhich Sylvilagus species are
the type host have been reported in various
surveys of Lepus species. Gill and Ray (1960)
reported E. minima in L. nigricollis, but we and
others (Levine and Ivens, 1972) think they likely
were dealing with E. hungarica. Aoutil et al.
(2005) in France recorded what they called E.
auduboni in L. granatensis, but admitted it was
doubtful that the form they saw was identical to
that found in an American Sylvilagus; we believe
it is likely a new species from Lepus, and agree it is
not E. audubonii from Sylvilagus. Mandal (1976)
saidhe recoveredoocysts ofE. neoleporis in aLepus
sp. from Punjab, India, and oocysts of E. sylvilagi
in L. nigricollis fromKashipur, India, but their val-
idity as a trueparasites of anyLepus species seems
unlikely to us and needs to be verified by experi-
mental and/or molecular work.

Nine eimerians for which O. cuniculus is the
type host have been reported in various surveys
of Lepus species. Ry�savý (1954) said he found E.
exigua in L. europaeus in the Czech Republic.
Mandal (1976) reported oocysts of E. intestinalis
in the intestine of a Lepus sp. from Kashipur,
India. Eimeria irresidua was reported in both L.
nigricollis and the domestic rabbit by Gill and
Ray (1960), but they only provided measure-
ments for sporulated oocysts from domestic
rabbits, and Ry�savý (1954) said he found it in
the small intestine of L. europaeus in the Czech
Republic. Eimeria magna was reported in three
species of Lepus: L. californicus by Henry (1932),
L. europaeus by Ry�savý (1954), and L. nigricollis

by Gill and Ray (1960), but the latter only gave
measurements for sporulated oocysts in the
domestic rabbit. Mandal (1976) reported oocysts
of E. matsubayashii in Lepus sp. from Kashipur,
India, but its validity as a parasite of Lepus
species needs to be verified. Eimeria media was
reported by Henry (1932) from one L. californicus
in California, and Gill and Ray (1960) reported
finding it in both the domestic rabbit and in L.
nigricollis in India, saying that oocysts collected
from the rectal contents of wild hares were
“morphologically indistinguishable” from
oocysts taken from O. cuniculus. Matschoulsky
(1941) said he found oocysts that resembled E.
media in L. timidus from Buryat-Mongol (former
USSR). All of these reports supply few or no
data to support these identifications. Boughton
(1932) said he found oocysts of E. perforans in
L. americanus in Western Canada, Henry (1932)
said she saw E. perforans oocysts in one L. califor-
nicus from California, Robertson (1933) reported
E. perforans in one L. europaeus from England,
and Ry�savý (1954) reported its oocysts both in
O. cuniculus and in L. europaeus in the Czech
Republic, all with no supporting evidence. Gill
and Ray (1960) reported finding E. perforans
both in the domestic rabbit and in L. nigricollis
at Kashipur, India, but, once again, the measure-
ments they gave for sporulated oocysts were
only for oocysts collected from domestic rabbits.
Ry�savý (1954) said he found E. piriformis both in
O. cuniculus and in L. europaeus in the Czech
Republic. Finally, Boughton (1932, p. 535) said
he found oocysts of E. stiedai in the American
hare, L. americanus, in Western Canada, but
gave no evidence to support his identification,
and Henry (1932, p. 282) said that she saw E.
stiedai in one Black-tailed jackrabbit from Cali-
fornia, while Ry�savý (1954) said he found it in
the liver of both O. cuniculus and in L. europaeus
in the Czech Republic, where it was abundant in
the domestic rabbits he sampled. Of these nine
species for which O. cuniculus is the type host,
only E. stiedai seems to be a valid parasite of
Lepus species, having been found in the liver
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hepatocytes of Lepus species in surveys and
having been transmitted both to Lepus and Sylvi-
lagus species experimentally (above and
Chapters 6, 7).

Parasite Discovery

Of the ten Lepus species from which eimer-
ians have been named, L. californicus does not
have any valid species known from it; this
species is common and widely distributed
throughout northern Mexico and the western
USA, and needs to be examined over its range
to determine what coccidia species it harbors.
The remaining nine Lepus species that have
been examined for coccidia have from three to
17 Eimeria species known from them as valid
parasites (Table 5.1). As expected, L. tolai, which
has been examined the fewest number of times,
has only three eimerians described from it,
while L. europaeus, which has been surveyed
the most extensively, has 17 eimerians known
from it. Of the 31 valid eimerians that infect

Lepus species, 15 are known from only a single
host species, six are known to infect two Lepus
species, four infect three Lepus species, three
infect four Lepus species, one infects six, one
infects seven, and one infects eight Lepus species
(Table 5.1). These results are dependent, of
course, on the number of individuals, the
number of times, and the number of localities
fromwhich each host species has been sampled.
Nonetheless, we think from these data and our
experience it is fair to say that most eimerians
in Lepus may travel freely between species
within the genus (especially E. robertsoni, E. stie-
dai, and E. leporis). Finally, 22 of 32 (69%) of the
extant Lepus species have never been examined
for coccidia and six of the 10 species that have
been examined have been sampled three or
fewer times (Table 5.1). If we cautiously assume
that each species of Lepus has at least four eimer-
ians that are unique to it, then there still may be
about 100 new eimerians yet to be discovered
once all Lepus species have been systematically
examined. There is still a lot of work to do!

TABLE 5.1 All Known Coccidia Species1 (Apicomplexa: Eimeriidae) Reported from
Jackrabbits/Hares in the Genus Lepus L., 1758 (Family Leporidae)

Lepus spp. Eimeria spp.

Natural (N) or

experimental (E) References

americanus athabascensis N Samoil & Samuel, 1977a

holmesi N Samoil & Samuel, 1977a

keithi N Samoil & Samuel, 1977a

leporis N Samoil & Samuel, 1977a

perforans N (?) Boughton, 1932

robertsoni N Samoil & Samuel, 1977a, b

rochesterensis N Samoil & Samuel, 1977a

rowani N Samoil & Samuel, 1977a

ruficaudati N Samoil & Samuel, 1977a

stiedai N Boughton, 1932

townsendi N Samoil & Samuel, 1977a

(Continued)
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TABLE 5.1 All Known Coccidia Species1 (Apicomplexa: Eimeriidae) Reported from
Jackrabbits/Hares in the Genus Lepus L., 1758 (Family Leporidae) (cont’d)

Lepus spp. Eimeria spp.

Natural (N) or

experimental (E) References

arcticus groenlandica N Madsen, 1938; Levine & Ivens, 1972

leporis N Madsen, 1938; Levine & Ivens, 1972

robertsoni N Madsen, 1938; Carvalho, 1943

sculpta N Madsen, 1938

semisculpta N Madsen, 1938; Pellérdy, 1956

septentrionalis N Madsen, 1938

californicus magna N (?) Henry, 1932

media N (?) Henry, 1932

perforans N (?) Henry, 1932

stiedai N Henry, 1932

capensis europaea N Moreno Montañez et al., 1979

exigua N (?) Ogedengbe, 1991

hungarica N Moreno Montañez et al., 1979

leporis N Moreno Montañez et al., 1979;
Romero-Rodriguez, 1976

magna N (?) Ogedengbe, 1991; Vila-Viçosa & Caeiro, 1997

media N (?) Ogedengbe, 1991; Vila-Viçosa & Caeiro, 1997

perforans N (?) Ogedengbe, 1991; Vila-Viçosa & Caeiro, 1997

piriformis N (?) Vila-Viçosa & Caeiro, 1997

robertsoni N Vila-Viçosa & Caeiro, 1997

stiedai N Ogedengbe, 1991; Vila-Viçosa & Caeiro, 1997

europaeus cabareti N Aoutil et al., 2005

campania N Pastuszko, 1961a

coquelinae N Aoutil et al., 2005

europaea N Pellérdy, 1956; Aoutil et al., 2005

exigua N (?) Ry�savý, 1954

hungarica N Pellérdy, 1956; Litvenkova, 1969 (?)

irresidua N (?) Ry�savý, 1954

lapierrei N Aoutil et al., 2005

leporis N Nieschulz, 1923; Ry�savý, 1954; Aoutil et al.,
2005

(Continued)
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TABLE 5.1 All Known Coccidia Species1 (Apicomplexa: Eimeriidae) Reported from
Jackrabbits/Hares in the Genus Lepus L., 1758 (Family Leporidae) (cont’d)

Lepus spp. Eimeria spp.

Natural (N) or

experimental (E) References

macrosculpta N Sugár, 1979

magna N (?) Ry�savý, 1954

perforans N (?) Robertson, 1933; Ry�savý, 1954

piriformis N (?) Ry�savý, 1954

reniai N Aoutil et al., 2005

robertsoni N Pastuszko, 1961a; Bouvier, 1967; Gräfner
et al., 1967; Arnastauskene & Kazlauskas,
1970; Kutzer & Frey, 1976; Sugár et al., 1978;
Jirou�s, 1979; Terracciano et al., 1988;
Tasan & Özer, 1989; Pakandl, 1990;
Tacconi et al., 1995

sculpta N Sugár et al., 1978; Pakandl, 1990

semisculpta N Pastuszko, 1961a; Gräfner et al., 1967;
Arnastauskene & Kazlauskas, 1970; Sugár
et al., 1978; Jirou�s, 1979; Berg, 1981; Chroust,
1984; Terracciano et al., 1988; Pakandl, 1990

septentrionalis N Tasan & Özer, 1989; Pakandl, 1990;

stefanskii N Pastuszko, 1961a

stiedai N/E Ry�savý, 1954; Bouvier, 1967; Litvenkova,
1969; Entzeroth & Scholtyseck, 1977; Aoutil
et al., 2005

tailliezi N Aoutil et al., 2005

townsendi N Pastuszko, 1961a; Bouvier, 1967; Gräfner
et al., 1967; Kutzer & Frey, 1976; Sugár et al.,
1978; Jirou�s, 1979; Berg, 1981; Terracciano
et al., 1988; Pakandl, 1990

granatensis auduboni N (?) Aoutil et al., 2005

bainae N Aoutil et al., 2005

cabareti N Aoutil et al., 2005

coquelinae N Aoutil et al., 2005

gantieri N Aoutil et al., 2005

hungarica N Aoutil et al., 2005

lapierrei N Aoutil et al., 2005

leporis N Aoutil et al., 2005

(Continued)
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TABLE 5.1 All Known Coccidia Species1 (Apicomplexa: Eimeriidae) Reported from
Jackrabbits/Hares in the Genus Lepus L., 1758 (Family Leporidae) (cont’d)

Lepus spp. Eimeria spp.

Natural (N) or

experimental (E) References

macrosculpta N Aoutil et al., 2005

nicolegerae N Aoutil et al., 2005

pierrecouderti N Aoutil et al., 2005

reniai N Aoutil et al., 2005

ruficaudati N Aoutil et al., 2005

stiedai N Aoutil et al., 2005

nigricollis campania N Gill and Ray, 1960

hungarica N Gill and Ray, 1960

irresidua N (?) Gill and Ray, 1960

leporis N Gill and Ray, 1960

magna N (?) Gill and Ray, 1960

media N (?) Gill and Ray, 1960

minima N (?) Gill and Ray, 1960

perforans N (?) Gill and Ray, 1960; Mandel, 1976

punjabensis N Gill and Ray, 1960

robertsoni N Mandal, 1976

ruficaudati N Gill and Ray, 1960

sylvilagi N (?) Mandal, 1976

spp. intestinalis N (?) Mandal, 1976

irresidua N (?) Mandal, 1976

matsubayashii N (?) Mandal, 1976

minima N (?) Mandal, 1976

neoleporis N (?) Mandal, 1976

stiedai N Tyzzer, 1902; Von Braunscheweig, 1969;
Mandal, 1976

timidus europaea N Litvenkova, 1969 (?)

exigua N (?) Matschoulsky, 1941

hungarica N Litvenkova, 1969 (?)

leporis N Soveri and Valtonen, 1983

magna N Vila-Viçosa & Caeiro, 1997

(Continued)
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TABLE 5.1 All Known Coccidia Species1 (Apicomplexa: Eimeriidae) Reported from
Jackrabbits/Hares in the Genus Lepus L., 1758 (Family Leporidae) (cont’d)

Lepus spp. Eimeria spp.

Natural (N) or

experimental (E) References

media N (?) Matschoulsky, 1941

perforans N (?) Matschoulsky, 1941

robertsoni N Pastuszko, 1961a

septentrionalis N Yakimoff et al., 1936

stiedai N Litvenkova, 1969

townsendi N Burgaz, 1973; Soveri & Valtonen, 1983

tolai gobiensis N Gardner et al., 2009

leporis N Yakimoff et al., 1931

stiedai N Svanbaev, 1977

towensendii americana N Carvalho, 1943

campania N Carvalho, 1943; Levine and Ivens, 1972

robertsoni N Madsen, 1938; Carvalho, 1943; Pellérdy, 1956

sculpta N Madsen, 1938

semisculpta N Carvalho, 1943

septentrionalis N Carvalho, 1943

townsendi N Carvalho, 1943; Pellérdy, 1956

Ten host species 43 Eimeria (31 valid)

1 Forty-three Eimeria species reported and/or described from the lagomorph genus Lepus. We believe that 31 of them likely are valid

species, but that the following are not: E. auduboni, E. exigua, E. intestinalis, E. irresidua, E. magna, E. matsubayashii, E. media, E.

minima, E. neoleporis, E. perforans, E. piriformis, and E. sylvilagi (see text).

(?) not considered a valid parasite of Lepus (see text).
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INTRODUCTION

As noted in Chapter 5, this Family is
composed of 11 genera with 60 species. One of
the eight monotypic genera, consisting only of
the wild Old World rabbit, Oryctolagus cuniculus
and its domesticated sibling, sometimes
referred to as O. c. domesticus, has had a long
and interesting history with humans, and
because of this is of great economic, medical,
and ecological importance worldwide. This
wild rabbit digs burrows, or warrens, where it
spends most of its time when not canvassing
the immediate environment to forage. Unlike
hares and jackrabbits (Lepus species), O. cunicu-
lus, like Sylvilagus species (cottontails) are alitri-
cial. Warrens may have two to 10 individuals.
Mature males and females are better at fighting
off predators than are juveniles, and females are
more territorial than males. Wild rabbits can be
highly aggressive, and competition between
males often leads to injury or death. In addition
to hostile displays, males squirt urine on

challengers as a form of territorial marking,
while the most common response to a challenge
is immediate attack. Their powerful back legs
are used as weapons, kicking at an opponent’s
underside, as well as biting and scratching
with the front paws.

Because of its importance to humans, espe-
cially in biomedical research worldwide, O.
cuniculus has been better studied for its intes-
tinal parasites than any other lagomorph
species. They have been reported to harbor17
Eimeria species (Table 6.1); however, we believe
that one of these, E. leporis from L. europaeus, is
not a valid parasite of this rabbit. Species of
both Lepus (hares, Chapter 5) and Sylvilagus
(cottontails, Chapter 7) have been reported to
be infected with eimerians known to parasitize
O. cuniculus, either naturally or experimentally;
most of these reports from surveys are probably
erroneous, and for the moment should be
considered as such until supported by molec-
ular markers and/or controlled experimental
cross infections. It is also of interest to note
that oocysts from other, related coccidian genera
(e.g., Isospora, Caryospora, Cyclospora) have never
been observed in O. cuniculus despite the many
surveys that have been done on this species over
the last century.

HOST GENUS ORYCTOLAGUS
LILLJEBORG, 1874

EIMERIA COECICOLA CHEISSIN
(KHEYSIN), 1947

Synonym: Eimeria oryctolagi Ray and Banik,
1965.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: ASIA: Russia (former USSR).
Other hosts: None reported to date.
Geographic distribution: AFRICA: Egypt;

ASIA: Azerbaijan (former USSR), India, Russia
(former USSR), Taiwan; AUSTRALIA: Western

FIGURE 6.1 The European or Old World rabbit, Oryc-

tolagus cuniculus L., 1758.
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Australia; EUROPE: France, Hungary, Poland;
MIDDLE/NEAR EAST: Iran, Saudia Arabia,
Syria, Turkey; SOUTH AMERICA: Brazil.

Description of sporulated oocyst: Oocyst shape:
elongate-ellipsoidal or cylindroidal with end
opposite M rounded; number of walls: 1; wall
characteristics: smooth, light yellow to light
brown, somewhat thickened, forming a small
ridge at M; L � W: 35.5 � 19.5 (23e40 �
15e21); L/W ratio: 1.9 (1.5e2.3); M: present; M
characteristics: well-pronounced, surrounded
by slightly thickened wall; OR: present; OR
characteristics: round, 4.5 (1e7) wide; PG:
absent. Distinctive features of oocyst: elongate-
ellipsoidal shape with wide M at one end;
also, oocysts discharged on the first day of
patency are smaller (33 � 17) than those dis-
charged at the end of patency (35.5 � 19.5;
Cheissin, 1947c).

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal to ellipsoidal to

spindle-shaped (line drawing); L � W: 16e17
� 8e9 (12 � 5.5 according to Gill and Ray,
1960); L/Wratio: 2.1; SB: present (line drawing);
SSB, PSB: both absent; SR: present, ~2e4 wide;
SZ: elongate, lying head-to-tail in sporocyst,
each with one RB at wider end. Distinctive
features of sporocyst: spindle-shaped with
pointed end.

Prevalence: Levine (1973b) said this species
apparently is rare in domestic lab rabbits, but
is common in wild ones. Veisov (1982) examined
3,150 rabbits from three different areas/districts
of the Cuba-Khachmazskoy zone in Azerbaijan
and found 2,905 (81%) infected with nine
species of Eimeria, including E. coecicola;
however, we were not able to determine how
many of the rabbits examined harbored this
species. Santos and Lima (1987) first docu-
mented this species in Brazil and Santos-
Mundin and Barbon (1990) reported it in 118/
375 (31.5%) rabbits in Minas Gerais, Brazil.
Darwish and Golemansky (1991) found this
species in 27/75 (36%) domestic rabbits from
four localities in Syria. Polozowski (1993) exam-
ined feces from 246 rabbits in six farm rabbitries
in the Wroclaw District of Poland and found 51
(21%) infected with this species; 49/51 (96%)
infected rabbits were < 3-mo-old while the
other 22/51 (4%) were 4e12-mo-old. None of
48 rabbits 13 to> 24-mo-old that were examined
harbored this species. Hobbs and Twigg (1998)
examined fresh fecal samples fromwildO. cuni-
culus in Western Australia and found 89/1200
(7%) to harbor this species; 50 of their sporu-
lated, ellipsoidal oocysts measured 34.5 � 18.5
(29.5e42 � 16e20) with sporocysts 14.5 � 7.7
(13e16 � 7e9). Grès et al. (2003) found E. coeci-
cola in 5e32% of 254 wild rabbits sampled from
six different localities in France. They identified
10 eimerians from these 254 rabbits and, appar-
ently, 100% were infected with one or more of
these 10. Unfortunately, they did not specifically
mention how many individuals were infected
with multiple species vs. those with single
species infections. Razavi et al. (2010) found

FIGURES 6.2, 6.3 Line drawing of the sporulated
oocyst of Eimeria coecicola from Gill and Ray, 1960, with
permission from Springer Science and Business Media,
copyright holders for the Proceedings of the Zoological Society
(supersedes Proceedings of the Zoological Society of Calcutta).
Photomicrograph of a sporulated oocyst of E. coecicola from
Norton et al., 1977, with permission from Parasitology.
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this species in 2/71 (3%) wild rabbits in
southern Iran; their oocysts were 34.1 � 18.7
(25e28 � 16e22), L/W 1.8, with a M and OR
5.3 (4e6). Li et al. (2010) reported E. coecicola in
46/642 (7%) O. cuniculus from pet shops (22/
642) and farms (24/342) in 11 districts on the
island of Taiwan. Oncel et al. (2011) reported
this species in 10/10 (100%) 2e3-mo-old dead
kids from a commercial rabbitry in Kocaeli,
Turkey; ellipsoidal oocysts had a M and OR
and were 34.3 � 17.4 (33e38 � 15e18). Preva-
lence rates of from 13e80% were reported
from domesticated rabbits in various other
regions in Turkey (Merdivenci, 1963; Tasan
and Özer, 1989; Çetinda�g and Biyiko�glu, 1997;
Karaer, 2001).

Sporulation: Exogenous. Oocysts sporulated
by the end of day 3 at 22�C (Cheissin, 1947c);
Mandal (1976) said that oocysts (originally iden-
tified as E. oryctolagi) sporulated in 32e48 hr or
in 3 days (as E. coecicola, see Remarks below);
Kasin and Al-Shawa (1987) said sporulation
occurred in 56 hr in 2.5% potassium dichromate
(K2Cr2O7) at 25e28�C; Razavi et al. (2010) said
that sporulation occurred in 62 hr in 2.5%
K2Cr2O7 at 25e28�C; Li et al. (2010) said that
sporulation occurred in 36e48 hr in 2.5%
K2Cr2O7 at 25

�C.
Prepatent and patent periods: Prepatent period

is 8e9 days (Pakandl, 1989) and patent period
is 7e9 days (Cheissin, 1947c, 1968).

Site of infection: The life cycle of this species
was studied by Cheissin (1947c, 1967, 1968)
and by Pakandl (1989) in experimentally
infected rabbits by light, scanning, and trans-
mission electron microscopy. Later, Pakandl
et al. (1993) added information on the migration
of SZ and the early merogony in gut-associated
lymphoid tissue. They (1993) observed SZ in the
duodenum and jejunum until 32 hr PI, first in
the villous epithelial cells and in cells they
said resembled intraepithelial lymphocytes.
The SZ then moved into cells of lymphatic
follicles of gut-associated lymphoid tissue
(Peyer’s patches, sacculus rotundus, vermiform

appendix). At 64 hr PI, Pakandl et al. (1993)
observed the first merogony in these lymphoid
cells and in membranous epithelial cells. Earlier,
Pakandl (1989) said that meronts were in the
epithelial cells of the ileum, 10e15 cm anterior
to the cecum, while Pakandl et al. (1993) said
that first- and second-generation meronts devel-
oped in the vermiform appendix while third-
and fourth-generations meronts were located
in the epithelium of the ileum, as per Cheissin
(1947c, 1967, 1968), until about day 7 PI, but
gamogony occurred in the cecum and vermi-
form appendix. Gamonts developed below the
N of epithelial cells in the appendix (Cheissin,
1967). All endogenous stages occurred in epithe-
lial cells, except that the cells with oocysts were
submerged in the tunica propria.

Endogenous stages: Cheissin (1947c, 1967,
1968) first described the endogenous stages; he
said that meronts were 12e15 wide and had
8e12 merozoites, each 10 � 0.8, but did not
know the exact number of generations. SZ
were seen in lymphatic follicles of the vermi-
form appendix and other lymphoid tissues in
the gut as early as 64 hr PI (Pakandl et al.,
1993) and up to day 4 PI (Pakandl, 1989) by
transmission electron microscopy. Pakandl
(1989) said these were first-generation meronts
that developed by endodyogeny, but their later
work (Pakandl et al., 1993) suggested these
were second-generation meronts; some of these
second-generation merozoites had 2e3 N, and
continued to be present on days 5e6 PI,
increasing in size during that time. Pakandl
et al. (1993) did not give measurements of mer-
onts found in gut-associated lymphoid tissues,
but stated that they contained “up to 12 merozo-
ites.” Pakandl’s (1989) first (probably second)
generation meronts were 6.6 � 6.4 (5e9.5 �
4.5e8), each with two merozoites that were 6.5
� 2.6 (4.5e8 � 1.5e3.5) on day 4 PI, but by
day 6 PI meronts were 11.0 � 8.3 (8e13.5 �
6e10), with 2e8 merozoites that were 9.8 � 2.9
(8e13 � 2e4). Second (third?) generation mer-
onts appeared at day 6 PI and were 16.0 � 13.3
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(11.5e22.5 � 7e17), each with 8e47 merozoites
that were 11.2 � 1.6 (8.5e13 � 1e2). Third
(fourth?) generation meronts also were first
seen on day 6 PI and these measured 10.1 �
8.1 (7e14 � 4e10), each with 4e25 merozoites
that were 8.4 � 1.8 (6e11 � 1.5e3). Fourth
(fifth?) generation meronts appeared on day 7
PI and they were 16.1 � 10.1 (8e28 � 7e17),
each with 12e80 merozoites that measured 5.1
� 1.0 (4.5e6 � 0.5e1). Pakandl’s (1989) second-
and fourth-generation merozoites were only
uninucleate, while third-generation merozoites
were only multinucleate. Pakandl (1989) said
that both mature macro- and microgamonts
were seen on day 8 PI. Macrogamonts were
24.9 � 14.9 (20e28.5 � 11e18) and microga-
monts were 22.6 � 15.3 (15e31 � 11e25). Cheis-
sin (1967) said that microgametocytes were
20e22 � 12e17 and contained biflagellate
microgametes, 2.5e3 � 1.5, and that macroga-
monts were not larger than the microgamonts.

Cross-transmission: None to date.
Pathology: Cheissin (1947c) said that in heavy

infections the crypts became considerably
enlarged with many white spots at the surface
of the cecum (corresponding to the accumula-
tion of hematocytes in the crypts). Pellérdy
(1954a) found that E. coecicola (which he called
E. neoleporis) was highly pathogenic for
domestic rabbits. It caused characteristic
changes in the vermiform process, ileocecal
valve, and throughout the large intestine, and
most of the infected young rabbits died. Ten
days after artificial infection, the small intestine
mucosa was somewhat inflamed and catarrhal,
but no oocysts were found. The walls of the
large intestine, ileocecal valve and vermiform
process were thickened, hyperemic, and
covered internally by a layer of purulent mate-
rial; the blood vessels on their serosae were
engorged and enlarged. Large numbers of gam-
onts and meronts were present in the large
intestine, but only a few in the posterior part
of the ileum. Tissue eosinophilia was not
present. In severely affected areas, the normal

epithelium was destroyed and sloughed off so
that only patches remained. Vitovec and Pak-
andl (1989) also reported on the pathogenicity
in rabbits with prolonged infection of at least
20 days. Pathological changes apparently began
to develop 4 days PI, with the beginning of mer-
ogony, and were characterized by an inflamma-
tory infiltration and abundant pyogenic
component in the lamina propria, swelling,
and coalescence of upper parts of the appendix
mucosa above atrophied domes, where spaces
filled with stagnating inflammatory exudate,
endogenous stages of the parasite, and desqua-
mated epithelium. At day 8 PI, the epithelium
with late endogenous stages became hyper-
plastic, proliferated into the lamina propria,
and became necrotic. This alteration of the
epithelium and exposure of the appendix
lamina propria occurred during gamogony,
about 10 days PI. Groups of immature oocysts
and pieces of oocysts remained in the lamina
propria, at least for 10 days, and were resorbed
by granulomatous inflammatory structures
with abundant multinucleated cells (Vitovec
and Pakandl, 1989). Oncel et al. (2011) reported
that 10 dead kids from a commercial rabbitry
in Kocaeli, Turkey, were all thin with reduced
fat stores and muscle wasting, had rough hair
coats, and the small intestines were distended
and filled with gray-green ingesta; the intestinal
mucosa was hyperemic and oedematose.
However, they could not attribute the pathology
they observed to E. coecicola since all 10 kids also
were infected with E. intestinalis and E. perforans,
as determined by oocysts in their feces (Oncel
et al., 2011).

Material deposited: None.
Remarks: Cheissin (1947b) was studying vari-

ation between two other rabbit eimerians, E.
magna and E. media, when he found a single
oocyst that he said resembled E. media. He
infected a young rabbit with that one oocyst
and produced a patent infection that gave him,
“in due course a multitude of oocysts which
have been found to differ however from any
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species so far known, viz. from E. stiedai, E.
magna, E. demia, E. irresidua, E. perforans and E.
piriformis.” He was able to infect other domestic
rabbits with the progeny from his initial infec-
tion with a single oocyst, and was able to study
the endogenous stages, which led him to
conclude that this was an independent species,
E. coecicola. Description of sporulated oocysts
(above) is based on Cheissin (1947c, 1967,
1968). Oocysts of E. coecicola are similar in shape
and size to those of E. magna and E. media, but
differ by having endogenous stages that occur
in the epithelium of both the small and large
intestine, while those of E. magna are sometimes
found in the large intestine, but in the connec-
tive tissue only, and those of E. media are never
found in the large intestine. In addition, E. coeci-
cola oocysts are slightly longer than those of E.
media and smaller in width than those of E.
magna. During the last days of the patent period,
many of the oocysts lack an OR. Pellérdy (1954a,
1965, 1974) believed that this species was
a synonym of E. neoleporis, but Cheissin (1968)
gave reasons to the contrary. The greatest differ-
ences are in the location and size of the meronts
and merozoites. The prepatent and patent
periods and pathogenicity also are different.
Mandal (1976) reported on oocysts he called E.
oryctolagi Ray and Banik, in domestic rabbits
from Calcutta, India, but distinguished them
from oocysts he thought were E. coecicola, from
Ludhiana, Punjab, India. He (1976) said the
former oocysts had a two-layered wall and
were ellipsoidal, 38.7 � 10.1 (sic) (28.5e47 �
12.5e28.5) with L/W 2.0, and had both a M
and OR; the piriform sporocysts were 10 � 6
(8.5e14.5 � 4.5e8.5) with L/W 1.7, and had
both a SB, SR, and SZs that were 10.5 long. Man-
dal (1987) corrected his earlier mistake on the
meanwidth of E. oryctolagi to be 19.1 and argued
that it should be treated as a distinct species (see
E. oryctolagi, below). The oocysts he described as
E. coecicola were ovoidal, 27.5e33 � 14e19.5,
with an OR and had ovoidal sporocysts, 12 �
5.5, with a SR. Kasim and Al-Shawa (1987)

examined 263 adult domestic rabbits from three
regions in Saudia Arabia from 1984e1985 and
found 95 (36%) to be infected with this species.
Their (1987) oocysts were cylindroidal, 33.4 �
19.3 (28e40 � 15.5e22), L/W ratio of 1.7
(1.4e2.2), with a M and OR, and sporocysts
15.1 � 7.2 (12e19 � 6e9), L/W 2.1 (1.8e2.4).
Pakandl (1989) studied all life-cycle stages of
E. coecicola and found ovoidal to cylindroidal
oocysts that were 35.2 � 20.2 (33e38 � 18e22),
L/W ratio of 1.7, with a M 3.8 (2.5e5) wide,
and an OR 6.5 (5e8) wide; these contained
ovoidal sporocysts, 16.9 � 7.6 (15e19 � 7e8),
L/W ratio of 2.2, with a SR 7.0 � 3.7 (5e9.5 �
3.5e5) and a small SB at the tip of the sporocyst.
Pakandl (1989) also noted two unusual observa-
tions in his study of the life cycle of this species,
development by endodyogeny (a process
typical of heteroxenous coccidia like Toxoplasma
and Sarcocystis spp.) and the occurrence of
multinucleate merozoites, which he mentions
as “an exceptional phenomenon in the life cycle
of coccidia.” Licois et al. (1992b) found that
immunity, as manifested by excretion of oocysts
after a challenge infection, was absolute after
only one immunizing dose of 1,000 oocysts,
and they observed no cross-protection when
rabbits were challenged with E. magna, E. flaves-
cens, or E. intestinalis. Grés et al. (2003) examined
254 wild rabbits from six localities in France,
and this is one of 10 species they identified.
Oocysts measured by Li et al. (2010) from O.
cuniculus in Taiwan were 33.4 � 21.8 (33e36 �
20e24) with sporocysts 12.7 � 7.4 (9.5e16 �
6e9.5).

EIMERIA EXIGUA YAKIMOFF, 1934

Synonym: Eimeria exigua Type I of Yakimoff,
1934; Eimeria exigua var. septentrionalis Madsen,
1938, pro parte; Eimeria hungarica Pellérdy,
1956, pro parte.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.
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Type locality: ASIA: Russia, St. Petersburg
(Leningrad).

Other hosts: Lepus arcticus Ross, 1819, Arctic
hare (?); Lepus capensis L., 1758, Cape hare (?);
Lepus europaeus Pallas, 1778, European hare (?);
Lepus timidus L., 1758, Mountain hare (?); Sylvila-
gus floridanus (J.A. Allen, 1890), Eastern cotton-
tail (?).

Geographic distribution: AFRICA (?): Nigeria
(?): ASIA: India, Russia, Taiwan; AUSTRALIA:
New South Wales, Western Australia; EUROPE:
France (including a small French island off the
coast of Brittany, Île Beniguet), Hungary, Italy,
Poland, Spain; MIDDLE/NEAR EAST: Saudia
Arabia, Syria.

Description of sporulated oocyst: Oocyst shape:
mostly subspheroidal; number of walls: not
given, but appears as 1 (line drawing); wall
characteristics: outer is smooth, colorless; L �
W: 14 � 13 (12e21 � 9e18); L/W ratio: 1.4
(1.0e1.9); M, OR, PG: all absent. Distinctive
features of oocyst: spheroidal to subspheroidal
shape, with lack of M, OR, and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: not stated, but appears to be ellip-
soidal (line drawing); L � W: 9 � 5 (8e10 �
4e6); L/W ratio: 1.8; SB, SSB, PSB: all absent
(in original line drawing, Yakimoff, 1934); SR:

present (?) (not pictured in original line
drawing, Yakimoff, 1934); SZ: not described.
Distinctive features of sporocyst: lack of a SB.

Prevalence: Francalancia andManfredini (1967)
said E. exiguawas rare in rabbits in Italy, but Sto-
dart (1971) found it in 216/656 (33%) wild rabbits
in eastern Australia (New South Wales). Pellérdy
(1974) also said the occurrenceofE. exigua is “rela-
tively rare, although it has been observed in
rabbits all over the world.” In an unpublished
Master’s thesis, Ogedengbe (1991) said he found
E. exigua in 19%of the rabbits surveyed inKaduna
State, Nigeria. However, he (1991) neglected to
state how many rabbits were surveyed, nor did
he mention the host species; Anonymous (2012)
listed the Cape hare, L. capensis, as the only lago-
morph species found in Nigeria. Darwish and
Golemansky (1991) found this species in 19/75
(25%) domestic rabbits from four localities in
Syria. Hobbs and Twigg (1998) examined fresh
fecal samples from wild O. cuniculus in Western
Australia and found 750/1200 (62.5%) to harbor
E. exigua; 50 sporulated, subspheroidal oocysts
measured 16 � 13 (12e19 � 11e15) with sporo-
cysts 8.5 � 5.1 (6e10 � 4.5e6). Grès et al. (2003)
found E. exigua in 32 to 72% of 254 wild rabbits
sampled from six different localities in France.
They identified 10 eimerians from these 254
rabbits and, apparently, 100% were infected
with one or more of these 10. Unfortunately,
they did not specificallymention howmany indi-
viduals were infected with multiple species vs.
those with single species infections. Li et al.
(2010) reported E. exigua in 9/642 (1%)O. cunicu-
lus inpet shops (3/642) andon farms (6/342) in 11
districts on the island of Taiwan.

Sporulation: Exogenous, 36e48 hr (Pastuzko,
1961a; Pastuzko, 1963), 2 days at 20�C (Lizcano
and Romero, 1969), or 17 hr at 26�C (Coudert
et al., 1995); Li et al. (2010) said that sporulation
occurred in 16e36 hr in 2.5% K2Cr2O7 at 25

�C.
Prepatent and patent periods: Prepatent period

is 7 days (Coudert et al., 1995).
Site of infection: All endogenous stages local-

ized along the whole length of the small

FIGURES 6.4, 6.5 Line drawing of the sporulated
oocyst of Eimeria exigua from Carvlaho, 1943, with permis-
sion from John Wiley & Sons Ltd. (current rights owner of
the Iowa State College Journal of Science). Photomicrograph of
a sporulated oocyst of E. exigua from Jelinková et al., 2008,
with permission from Veterinary Parasitology.
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intestine, with individual meronts and gamonts
concentrated in specific parts of the gut. As
development progressed, endogenous stages
successively moved from the duodenum
toward the ileum. All stages were in epithelial
cells of the middle and upper part of the villi
(Jelı́nková et al., 2008). No parasites were found
in the large intestine.

Endogenous stages: Jelı́nková et al. (2008) were
the first to document the endogenous develop-
ment of E. exigua by both light and electron
microscopy. Four asexual stages precede gam-
ogony and all stages are smaller than compa-
rable stages of other rabbit coccidia known to
date. First-generation meronts were observed
at 72e90 hr PI in the duodenum-jejunum; they
were 4.6 � 3.5, each with two merozoites
that were 4.1 � 2.0. Second-generation meronts
were of two types (as reported in several other
rabbit coccidia life cycles), both in the jejunum-
ileum: Type A were small, 5.7 � 4.3, and each
produced, via endomerogony, only twomerozo-
ites, each with two N, and were 5.2 � 2.4; their
Type B second-generation meronts were 7.7 �
5.0, and produced, via ectomerogony, 3e7mero-
zoites that had one N each and were 5.5 � 1.9.
Third-generation Type A meronts appeared at
126 hr PI in the jejunum-ileum region and
were 6.6 � 4.8, with 2e4 merozoites that
measured 6.4 x2.2, each with two N, while the
Type B third-generation meronts were 11.5 �
6.7, with 4e16 mononuclear merozoites, that
were 5.8 � 1.7. Fourth-generation Type A mer-
onts appeared 144 hr PI in the ileum and were
6.8 � 5.4, with two binucleate merozoites that
measured 6.1 � 3.3; Type B fourth-generation
meronts were 9.6 � 6.7, with 4e13 mononuclear
merozoites that were 6.1 � 1.9. Gamonts were
seen 144e188 hr PI in the ileum; macrogamonts,
which had relatively small numbers of wall-
forming bodies in the cytoplasm, were 9.4 �
12.1, and microgamonts were 8.8 � 10.9 (Jelı́n-
ková et al., 2008).

Cross-transmission: Pellérdy (1956) was
unable to infect two hares, Lepus europaeus,

about 3e4 wk old, with a mixture of coccidia
from the domestic rabbit that presumably con-
tained E. exigua.

Pathology: Coudert et al. (1995) grouped E.
exigua together with E. perforans and E. vejdov-
skyi as slightly pathogenic, a condition they
associated to the localization of these species
in more distal positions in the epithelial cells
of the intestinal villi (vs. those that localize in
cells deep within the crypts).

Material deposited: None.
Remarks: Yakimoff (1934), who named this

species, described three oocyst types in his
rabbit from the (former) USSR, of which his
Type I was E. exigua; the others were ovoidal
or ellipsoidal. The oocysts of his Type I were
spheroidal to subspheroidal, 14.5 � 12.7, with
a smooth wall, but lacked a M and OR. Descrip-
tion of the sporulated oocyst, above, is an
amalgam taken from Yakimoff (1934), Pastuszko
(1961a), and Lizcano Herrera and Romero
Rodriguez (1969). Morgan and Waller (1940)
said they found spheroidal oocysts of E. exigua,
~14 wide, in 8/210 (4%) S. floridanus in Iowa, but
they were likely seeing E. minima. Matschoulsky
(1941) said he found oocysts that resembled this
species in Lepus timidus from Buryat-Mongol
(former USSR) and that the spheroidal oocysts
were 15.7 � 13.6 (15e18 � 13e15) with sporo-
cysts 7e8 � 4e5, but he was likely looking at
E. hungarica, which hadn’t been described and
named yet by Pellérdy (1956). Cheissin (1947a,
1967) and others considered this species to be
a synonym of E. perforans. Ry�savý (1954) said
he found this species in L. europaeus in the Czech
Republic with oocysts 16.5e20.8 � 9.9e17.5 and
sporocysts 6.5 � 3.0, but it was certainly not E.
exigua; he (1954) also said he found it in the
duodenum and small intestine, but did not
explain how he determined this. Pellérdy
(1954a) differentiated this form in the domestic
rabbit from one which he (Pellérdy, 1956) later
named E. hungarica from the European hare, L.
europaea. He was unable to transmit E. hungarica
to the rabbit from the hare. Pastuszko (1963)
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examined 9,845 rabbits from 17 districts in
Poland; these included 502 rabbits by necropsy
and 9,343 fecal samples tested. She (Pastuszko,
1963) said that this species caused coccidiosis
in rabbits in Poland; her oocysts were 14.5 �
12.7 (12e21 � 10e17.5; her Table 1). Later, Pel-
lérdy (1974) said his oocysts were 14.5 � 12.7
(10e18 � 9e16). Coudert et al. (1995) isolated
and characterized the first pure strain of E. exi-
gua from oocysts found by a colleague in tame
rabbits in Italy; these oocysts were 10e18 �
11e16. They (1995) did controlled experimental
infections in SPF laboratory rabbits that gave
a more accurate picture of the endogenous
development; that is, the endogenous stages of
E. exigua do not invade host cell nuclei (see
Endogenous stages, above). Grès et al. (2000)
sampled 254 wild rabbits (O. cuniculus) from
five localities in France and on a small French
island off the coast of Brittany (Île Beniguet).
They found intensity (number of oocysts/g
feces) heavier in young than in adult rabbits
and said that it increased in the autumn and
winter and declined in the spring, while preva-
lences increased progressively during autumn
and winter, were at a maximum during spring,
and then declined in the summer (Grès et al.,
2000). The oocysts they found in the feces were
spheroidal to subspheroidal, lacked both a M
and OR, and were thus called E. exigua.
However, in rabbits they necropsied, they
reported endogenous stages within the nuclei
of intestinal mucosal cells in stained smears
they made, and then they made a leap of faith,
saying that these stages produced the oocysts
they had identified as E. exigua. This was in
contrast to the earlier work of Coudert et al.
(1995), who said endogenous stages do not enter
the N of intestinal cells. Thus, the intranuclear
stages reported by Grès et al. (2000) probably
belonged to a currently unknown new species
of wild hares in France. Grés et al. (2003) exam-
ined 254 wild rabbits from six localities in
France and this is one of 10 species they identi-
fied. Jelı́nková et al. (2008) described the

endogenous development in detail and firmly
established that E. exigua is, in fact, a valid
species of O. cuniculus, although one that occurs
only rarely in field samples. Oocysts measured
by Li et al. (2010) from O. cuniculus in Taiwan
were 17.1 � 13.6 (13e21 � 11e19) with sporo-
cysts 7.1� 4.7 (5e8� 3e5). Its validity as a para-
site of Lepus or Sylvilagus species needs to be
verified by cross-transmission and/or molec-
ular studies.

EIMERIA FLAVESCENS MAROTEL &
GUILHON, 1941

Synonym: Eimeria pellerdyi Coudert, 1977a, b;
Eimeria hakei Coudert; Eimeria irresidua Kessel
and Jankiewicz, 1931 of Francalani and Manfre-
dini, 1967.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: EUROPE: Belgium.
Other hosts: None to date.
Geographic distribution: AUSTRALIA:

Western Australia, Tasmania/Macquarie Island;

FIGURES 6.6, 6.7 Line drawing of the sporulated
oocyst of Eimeria flavescens from Catchpole and Norton,
1979, with permission from Parasitology. Photomicrograph
of a sporulated oocyst of E. flavescens from Norton et al.,
1979, with permission from Parasitology.
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EUROPE: Belgium, England, France, Poland;
MIDDLE/NEAR EAST: Iran, Saudia Arabia;
SOUTH AMERICA: Brazil.

Description of sporulated oocyst: Oocyst shape:
ovoidal; number of walls: 2; wall characteristics:
outer is smooth, yellow, ~1.4 thick; inner is
a dark line, ~0.4 thick, with the wall slightly
thickener at the broad end, around the M, than
on the sides; L � W: 31.7 � 21.4 (25e37 �
14e24); L/W ratio: 1.5 (1.2e2.1); M: present; M
characteristics: prominent, well-defined, 4.3
(2e7) wide; OR, PG: both absent. Distinctive
features of oocyst: thick two-layered wall and
prominent M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal; L � W: 15.3 � 8.6
(13e17 � 7e10); L/W ratio: 1.75 (1.2e2.1); SB:
small, present at pointed end; SSB, PSB: both
absent; SR: present as a sub-spheroidal cluster
of granules, ~6.3; SZ: elongate, 17 � 5 after
excystation and have one clear RB, ~4 wide, at
more rounded end. Distinctive features of
sporocyst: SZ longer than sporocyst with one
clear RB.

Prevalence: Catchpole and Norton (1979)
found E. flavescens in 95/596 (16%) rabbits
reared for meat production. Peeters et al.
(1981) found it in 108/770 (14%) in the type
host from commercial rabbitries and in 124/
282 (44%) sick rabbits in traditional rabbitries
in Belgium. Santos and Lima (1987) first docu-
mented E. flavescens in Brazil and Santos-
Mundin and Barbon (1990) reported it in 22/
375 (6%) rabbits in Minas Gerais, Brazil. Polo-
zowski (1993) examined feces from 246 rabbits
in six farm rabbitries in the Wroclaw District
of Poland and found 163 (66%) infected with
E. flavescens; 131/163 (72%) infected rabbits
were < 3-mo-old, 8/163 (5%) were 4e12-mo-
old, 18/163 (11%) were 13e24-mo-old, while
only 6/163 (< 4%) were > 24-mo-old. Hobbs
and Twigg (1998) examined fresh fecal samples
from wild O. cuniculus in Western Australia
and found 715/1200 (60%) to harbor E. flaves-
cens; 50 sporulated, ovoidal oocysts measured

32.1 � 21.4 (22e37 � 20e23) with sporocysts
14.6 � 8.4 (12e17 � 9e9). Grès et al. (2003)
found E. flavescens in 90e100% of 254 wild
rabbits sampled from six different localities in
France. They identified 10 eimerians from these
254 rabbits and this was the only eimerian
found in all 254 rabbits. Unfortunately, they
did not specifically mention how many individ-
uals were infected with multiple species vs.
those with single species infections. Razavi
et al. (2010) found E. flavescens in 8/71 (11%)
wild rabbits in southern Iran; their oocysts
were 31.6 � 18.9 (26e36 � 14e23), L/W 1.7,
with a M, but lacking an OR, and sporocysts
were 15.1 � 9.3 (13e17 � 7e11).

Sporulation: 38 hr or less at 27�C in 2% (w/v)
K2Cr2O7 solution (Norton et al., 1979; Kasim
and Al-Shawa, 1987); Razavi et al. (2010) said
that sporulation occurred in 48 hr in 2.5% (w/
v) K2Cr2O7 at 25e28�C.

Prepatent and patent periods: Prepatent period
is 9 (8e11) days, and both prepatency and the
patent period are dose and weight dependent
(Norton et al., 1979).

Site of infection: Epithelial cells of the lower
small intestine, cecum, and colon.

Endogenous stages: First-generation meronts
were in the epithelial cells at the base of the villi
or in the glands of the lower small intestine,
while second- to fifth-generation meronts are
in those of the cecum and colon. Second-, third-
and fourth-generation meronts are in the super-
ficial epithelium, while fifth-generation meronts
are in the glands. First-generation meronts were
15� 9 at 72 hr, and contained 16 first-generation
merozoites, 9 � 2.5. At 88e115 hr PI, mature
second-generation meronts were 16.1 � 13.1
(12.5e18 � 8e16) and contained 16 (12e20)
second-generation merozoites that measured
~10 � 2. Third-generation meronts were 15.9 �
12.3 (12.5e19 � 9e16) at 120 hr PI and
produced, on average, 15.5 (12e20) third-
generation merozoites that measured 11 � 2.
Fourth-generation meronts were 14.5 � 9.6
(10e19 � 7e13) at 120e156 hr PI with 16

6. COCCIDIA FROM ORYCTOLAGUS130



(12e24) fourth-generation merozoites, 17 � 2.5.
Fifth-generation meronts were in the deepest
layers of the cecal mucosa, but were few in
number; they measured 15.8 � 13.0 (14e18 �
11e16) at 144e156 hr and contained 50 fifth-
generation merozoites, ~5 � 2. Both gamonts
and gametes are in the glands of the cecum
and colon at about 163 hr PI. Microgamonts
were 30.4� 23.0 and produced many flagellated
microgametes and a residuum while macroga-
metes measured 29.9 � 19.8 and had many
wall-forming bodies (Norton et al., 1979).

Cross-transmission: None to date.
Pathology: Norton et al. (1979) said that this

species is very pathogenic for young (6-wk-
old) Dutch rabbits, with even low doses of spor-
ulated oocysts (104) producing severe enteritis
with high mortality. Clinical signs included
anorexia, weakness, and diarrhea, which caused
soiling of the hind quarters. Heavily infected
rabbits produced mucoid or watery feces that
contained strips of intestinal epithelium and
variable amounts of blood (Norton et al., 1979).

Material deposited: None.
Remarks: The original description of E. flaves-

cens by Marotel and Guilhon (1941) noted that it
produced smaller ovoidal oocysts than did E.
irresidua, that these lacked an OR, and that it
developed in the large intestine. However, the
name was largely overlooked and/or ignored
because Levine (1973b), Pellérdy (1965, 1974),
and Levine and Ivens (1972) regarded it as
a synonym of E. media. Later, Coudert (1977a,
b) recognized the same unique characters (lack
of an OR, development in the large intestine)
in an eimerian from rabbits and, perhaps,
unaware of the description byMarotel and Guil-
hon (1941), named a distinct species, E. pellerdyi,
a name already in use for a camel eimerian.
According to Norton et al. (1979), Coudert later
emended that name to E. hakei (we can find no
reference to this emendation), but the rules of
priority of the International Code of Zoological
Nomenclature (Ride et al., 2000) require that
the name be suppressed as a junior synonym

of E. flavescens. However, it wasn’t until Coudert
and Norton (1979, in an abstract) and Norton
et al. (1979) redescribed E. flavescens in detail
and studied its endogenous development and
other aspects of its biology that it has become
recognized as a valid parasite species of Orycto-
lagus. The strain Norton et al. (1979) studied was
isolated in 1960 when a coccidia-free Dutch
domestic rabbit received three sporulated
oocysts from a fecal sample submitted for diag-
nosis; the oocysts collected were passaged six
times in coccidia-free rabbits and then sporo-
cysts from the last passage were frozen in liquid
nitrogen (N2) to form a stabilate in 1969; oocysts
of this stabilate were used for their work in 1979.
They pointed out that E. flavescens differs from
E. media in the greater width of the sporulated
oocyst, in the absence of an OR, and its location
in the gut where endogenous development
occurs; mostly in the large intestine for E. flaves-
cens, but only in the small intestine for E. media
(Norton et al., 1979). Kasim and Al-Shawa
(1987) examined 263 adult domestic rabbits
from three regions in Saudia Arabia from
1984e1985 and found 45 (17%) to be infected
with this species; their (1987) oocysts were
ovoidal, 32.0 � 21.2 (27e37.5 � 17e25), L/W
1.5 (1.4e2.0), with a M, but without an OR,
and sporocysts 15.0 � 8.4 (12.5e17 � 7e10),
L/W 1.8 (1.7e2.0). Interestingly, E. flavescens
has been reported from O. cuniculus on Mac-
quarie Island, a Tasmanian State Reserve since
1978. Grés et al. (2003) examined 254 wild
rabbits from six localities in France, and this is
one of 10 species they identified.

EIMERIA INTESTINALIS
CHEISSIN, 1948

Synonyms: Eimeria agnosta Pellérdy, 1954b;
Eimeria piriformis Gvéléssiani and Nadiradze,
1945; Eimeria piriformis Cheissin, 1948 (Pellérdy,
1953); non Eimeria piriformis Kotlan and Pos-
pesch, 1934; non Eimeria piriformis Marotel and
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Guilhon, 1941; non Eimeria piriformis Lubimov,
1934.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: ASIA: Russia (former USSR).
Other hosts: Lepus sp. (?) (Mandal, 1976).
Geographic distribution: AFRICA: Egypt;

ASIA: Azerbaijan (former USSR); India, Russia
(former USSR); AUSTRALIA: Western
Australia; EUROPE: Belgium, France, Hungary,
Italy, Portugal; MIDDLE/NEAR EAST: Saudia
Arabia, Syria, Turkey.

Description of sporulated oocyst: Oocyst shape:
broadly pear-shaped to ovoidal; number of
walls: 1; wall characteristics: smooth, yellow to
light brown, somewhat thickened around M;
L � W: 27 � 18 (21e36 � 15e21); L/W ratio:
1.5; M: present at narrow end of oocyst; M char-
acteristics: well-defined with wall somewhat
thickened around it; OR: present; OR character-
istics: conspicuous, granular, ~5 (3e10) wide;
PG: absent. Distinctive features of oocyst: pear-
shape with a distinct M and OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: oblong-ovoidal; L � W: 15 � 10;
L/W ratio: 1.5; SB: small, present at pointed
end (line drawing); SSB, PSB: both absent; SR:
small or a round, compact mass, 1e6 wide; SZ:
elongate, lying lengthwise head-to-tail in sporo-
cyst, with one clear RB at larger end. Distinctive
features of sporocyst: none.

Prevalence: Peeters et al. (1981) found E. intesti-
nalis in 92/770 (12%) commercial rabbitries and in
118/282 (42%) sick rabbits in traditional rabbitries
in Belgium. Veisov (1982) examined 3,150 rabbits
from three different areas/districts of the Cuba-
Khachmazskoy zone in Azerbaijan and found
2,905 (81%) infected with nine species of Eimeria,
including E. intestinalis; however, we were not
able to determine how many of the infected
rabbits harbored this species. Darwish and Gole-
mansky (1991) found this species in 9/75 (12%)
domestic rabbits from four localities in Syria.
Polozowski (1993) examined feces from 246
rabbits in six farm rabbitries in the Wroclaw
District of Poland and found 81 (33%) infected
with E. intestinalis; 76/81 (94%) infected rabbits
were < 3-mo-old, 3/81 (4%) were 4e12-mo-old,
2/81 (2%) were 13e24-mo-old, while no rabbits
> 24-mo-old were infected. Hobbs and Twigg
(1998) examined fresh fecal samples from wild
O. cuniculus in Western Australia and found
230/1200 (19%) to harbor E. intestinalis; 50 sporu-
lated, piriform oocysts measured 29.1 � 18.2
(26e34 � 16e20) with sporocysts 12.9 � 7.2
(11e14� 6e8).Grès et al. (2003) foundE. intestina-
lis in 0e16% of 254 wild rabbits sampled from six
different localities in France. They identified 10
eimerians from these 254 rabbits and, apparently,
100% were infected with one or more of these 10.
Unfortunately, they did not specifically mention
how many individuals were infected with
multiple species vs. those with single species
infections. In most surveys, this species seems
relatively uncommon when compared to other
eimerians infectingO. cuniculus. However, Oncel
et al. (2011) reportedE. intestinalis in 10/10 (100%)
dead kids (2e3-mo-old) from a commercial

FIGURES 6.8, 6.9 Line drawing of the sporulated
oocyst of Eimeria intestinalis from Gill and Ray, 1960, with
permission from Springer Science and Business Media,
copyright holders for the Proceedings of the Zoological Society
(supersedes Proceedings of the Zoological Society of Calcutta).
Photomicrograph of a sporulated oocyst of E. intestinalis

from Hobbs and Twigg, 1998, with permission from the
Australian Veterinary Journal.
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rabbitry inKocaeli, Turkey; their piriformoocysts
had a M and OR and were 29.4 � 17.5 (28e33 �
15e20). Prevalence rates of from 13% to 80%
were reported from domesticated rabbits in
various other regions in Turkey (Merdivenci,
1963; Tasan and Özer, 1989; Çetinda�g and Biyi-
ko�glu, 1997; Karaer, 2001).

Sporulation: Exogenous. Oocysts sporulated
within 1e2 days at room temperature (Pellérdy,
1965), in 6 days at 15�C (Cheissin, 1948) or in 48
hr at 27�C in 2% (w/v) K2Cr2O7 solution (Kasim
and Al-Shawa, 1987).

Prepatent and patent periods: Prepatent period
is 9e10 days, while the patent period is 6e8
days (Cheissin, 1948) and no longer than 10
days (Cheissin, 1967). However, Licois et al.
(1990) selected for early development of oocysts
in rabbits and produced a precocious line of E.
intestinalis in which the prepatent period was
reduced from 215 hr to < 144 hr PI.

Site of infection: Epithelium of the villi and
crypts, usually the lower part of the small intes-
tine (ileum) below the duodenum, but the gam-
onts also develop in the epithelial cells of the
cecum and appendix (Cheissin, 1948, 1958a,
1967); thus, the oocysts form in both the small
and large intestines. The first- and second-
generation meronts occupy 15% the length of
the small intestine of 1-mo-old rabbits, while
third-generation meronts and gamonts occupy
about 40% the length of the lower small intestine
and also are found in the large intestine (Cheis-
sin, 1948, 1958a, 1967).

Endogenous stages: Cheissin (1948, 1958a,
1967) and Pellérdy (1953, 1965, 1974) differ
somewhat in their accounts of the endogenous
stages, and Pellérdy (1953) described these
under the name E. piriformis. There are either
three or four merogenous stages, depending
on how they are numbered. First-generation
meronts developed in the ileum at the base of
the villi and in the crypts, 10e50 cm anterior
to the ileocecal valve, and matured by 4e6 or
7e8 days PI; they measured 15e25 wide and
contained 20e60 (Cheissin, 1948, 1958a, 1967)

or 70e150 (Pellérdy, 1974) spindle-shapedmero-
zoites, each 7e8 � 2. Beginning on day 5 PI,
second (or second and third?) generation mer-
onts were of two types, both in the distal part
of the villus. Type A second-generation meronts
were seen on day 5 PI and matured on day 9 PI.
They were large, 13e30 wide, with 70e150
slender second-generation merozoites, each
~10e12 � 0.5e1, arranged within the meront
like “bunches of bananas.” Type B second-
generation meronts appeared 7e8 days PI, and
were 13e16 wide, with 35e80 merozoites,
~9e11 � 1 (Cheissin, 1948). However, in later
accounts by Cheissin (1958a, 1967), second-
generation meronts were 10e12 wide with five
or 10e20 short, broad merozoites, each 8e10 �
1e1.5; these two stages/types are present until
about day 9 PI. Between days 7 and 10 PI, small,
13e15 wide, third (or fourth?) generation mer-
onts appeared in the distal part of the villi
with 15e35 narrow merozoites (Cheissin,
1967), while Pellérdy (1974) said they were
10e16 wide with 15e18 slender merozoites
each. On day 8 PI, the merozoites migrated
from the small intestine into the cecum and
appendix and spread for a long distance along
the intestine (Cheissin, 1967). Cheissin (1948)
said that all meronts had a residuum, while Pel-
lérdy (1953, 1974) said that there was none in the
Type B second-generation meronts. Few, if any,
meronts can be found beyond 11 days PI. Cheis-
sin (1958a) described the cytological and histo-
chemical reactions of the endogenous stages of
E. intestinalis. He found different quantities of
glycogen in larger meronts, in merozoites, in
RBs of microgametocytes, in growing macroga-
metes, in unsporulated oocysts, in SZs, and in
the sporoplasm of unsporulated oocysts. He
attributed its accumulation to the parasite
sequestering existing carbohydrate from the
tissues of the host epithelium and said that
such energy stores were necessary for the move-
ment and penetration of each of the motile
stages (merozoites, microgametes, sporozoites)
and the long-term survival of the non-motile
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(oocyst) stages outside the host. However, more
recent accounts on the invasion and endoge-
nous development of this species (Licois et al.,
1992b; Drouet-Viard et al., 1994) provide
a more detailed and complex picture. First, in
experimental infections with 3 � 107 sporocysts,
excystation occurred in < 10 min in the
duodenum and proximal jejunum and SZs
began penetrating the duodenal epithelium as
early as 10 min PI (Drouet-Viard et al., 1994).
From there they migrated to the ileum, by an
“unknown non-lumenal tissue route,” where
they entered epithelial cells along the entire
length of the villi and their development was
studied from 24 hr onward by Licois et al.
(1992b).

Licois et al. (1992b) reported four merogo-
nous (asexual) generations, with the first three,
but not the fourth, each having two types of
meronts; their first, which they regarded as
female, had mononuclear merozoites and their
second, regarded as male, had polynuclear
merozoites. Mononuclear first-generation mer-
onts were 10.3 � 8.6 with 15e25 merozoites
that were 2.6 long, while the polynuclear first-
generation meronts were 7.0 � 5.9 with 3e5
merozoites that were 1.9 � 1.8; both meronts
peaked in numbers at 80 (36e144) hr PI. Mono-
nuclear second-generation meronts were 8.2 �
7.2 with 10e20 merozoites that were 4.9 � 1.8,
while the polynuclear meronts were 7.7 � 5.5
with 5e8 merozoites that were 5.3 � 1.7; both
second-generation meronts peaked in numbers
at 96 (64e168) hr PI. Mononuclear third-
generation meronts were 20.7 � 13.8 with
60e120 merozoites that were 6.6 � 0.7, while
the polynuclear meronts were 14.1 � 11.3 with
< 30 merozoites that were 7.9 � 1.7; both
third-generation meronts peaked in numbers
at 144 (96e192) hr PI. All fourth-generation mer-
onts were mononuclear, 12.4 � 9.5, with < 30
merozoites that were 6.4 � 0.5, and peaked in
numbers at 210 (168e240) hr PI.

According to Cheissin (1958a), gametogony
began about 185e192 hr PI and gamonts

developed in the small intestine, cecum, and
ascending colon, generally above the host cell
nucleus (HCN); in the small intestine, these
stages were in the epithelial cells of the villi,
while gametogony that occurred in the large
intestine always occurred in cells of the crypts
(Cheissin, 1958a). Licois et al. (1992b), however,
said they first recognized young gamonts at 144
hr PI and by 168 hr PI both macrogametocytes
and zygotes were plentiful. Beyer and Ovchin-
nikova (1964) were the first to quantify the
RNA content in growing macrogametes of E.
intestinalis using the microspectrophotometer
to scan fixed, stained macrogametes. Their
results indicated that although the RNA concen-
tration decreased as the macrogamont grew,
the total amount of RNA in the cytoplasm of
the macrogamete continuously increased, with
the highest value being measured just before
fertilization and formation of the oocyst wall.
For E. intestinalis microgamonts, the quantity
of RNA rose evenly throughout its develop-
ment, which was somewhat different than the
increase they saw of RNA in the microgamonts
of E. magna (see below).

Microgametogony was studied by Cheissin
(1958a, 1964, 1965, 1967) and Snigirevskaya
(1969a, b), the latter with both the light and elec-
tron microscope. Microgamonts are 5 wide on
day 12 PI and contained 2e3 N. In the first phase
of microgametogony, the microgamont enlarges
and the number of N increases. When it was
10e12 wide, it had 16e24 N. It remained
ovoidal and attained a size of 20e27 � 18e20
(Cheissin, 1967). The N at first were scattered
in the cytoplasm, but later they came to lie on
the periphery. The microgamont was rarely
divided into cytomeres. The N decreased in
diameter as their numbers increased. A large
mitochondrion formed, presumably as the
result of fusion of several smaller ones, and
was associated with each N. The anlagen of
the basal bodies of the future microgamete
flagella appeared when the microgamonts
were 12e16 wide and they lie near the N. The
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two flagella form during the first phase and
come to lie on the surface of the microgamont.
During the second phase, the microgametes
differentiated. The N did not increase in
number, but they elongated, eventually
becoming comma-shaped and occupied the
posterior 2/3 of the body. Large protuberances
formed on the microgamont; each contained
a N, a single mitochondrion, and the two
flagellar anlagen. As the N elongated, so did
the flagella. The microgametes remained
attached to the microgamont by their anterior
end until the pointed perforatorium was
formed, after which they separated, leaving
a large residuum of cytoplasm. About 250e500
microgametes were formed by each microga-
mont. They were about 3e4 � 0.5, with flagella
5e7 long. Macrogametes were piriform when
mature. The same host cell may harbor both
macrogametes and microgametes. Mosevich
and Cheissin (1961) and Snigirevskya (1968,
1969a, b, c, 1972) used the EM to investigate
the various endogenous stages of this species
and said that meronts, merozoites, and young
micro- and macrogametocytes all possessed
micropores, but the mature microgametes
themselves did not. Snigirevskya (1972) also
noted that all endogenous stages were limited
to one plasma membrane, 70e80 Å thick, but
in the pellicle of budding meronts, microgame-
tocytes, and microgametes, an auxiliary layer
appeared, underlying the plasmic membrane.
Macrogametes had numerous micropores
which acted as cytostomes and Snigarevskaya
(1969c) said that nutrition was via these micro-
pores in young macrogametes and by pinocy-
tosis in mature ones.

Cross-transmission: None reported to date.
Pathology: Although relatively rare, E. intesti-

nalis can be pathogenic, especially in young
domesticated rabbits; in fact, some regard it as
one of the most pathogenic coccidia of rabbits
(Courdet, 1976; Licois et al., 1978a, b; Catchpole
and Norton, 1979; Peeters et al., 1984).
According to Cheissin (1948), this species is

non-pathogenic for adult rabbits, even in large
doses; however, it is pathogenic for 1-mo-old
rabbits. He said that they lost their appetites
on day 7 PI, sat motionless, and that their stom-
achs swelled; on days 9e10 PI, diarrhea
appeared, which lasted 3e4 days. Heavily
infected rabbits died on days 12e13 PI, while
those with light infections recovered. Cheissin
(1948) found pathogenic changes in the intestine
7e8 days PI. The lower part of the small intes-
tine was significantly enlarged and its wall
was thickened, with white spots (containing
meronts and gamonts) on its surface. Epithelial
cells infected with meronts or gamonts were
greatly enlarged, as were the villi that housed
these infected cells. Nine to 10 days PI, a caseous
exudate containing epithelial cells with para-
sites, leukocytes, free merozoites, and oocysts
accumulated in the intestinal lumen. Intense
desquamation of the epithelium occurred with
massive formation of oocysts 10e11 days PI.
Pellérdy (1953, 1954b) said that experimental
infections caused more or less severe intestinal
catarrh and diarrhea, and might kill young
rabbits. At necropsy, edema and grayish-white
foci, which can coalesce to form a homogeneous,
sticky, purulent layer, might be found in the
intestine. Coudert (1976, 1979a, b) said that
E. intestinalis is extremely pathogenic and Licois
et al. (1978a, b) said that in young rabbits
infected 10 days earlier with either E. intestinalis
or with what they called E. pellerdyi (¼ E. flaves-
cens?) the pathogenesis of diarrhea resulting
from these coccidial infections was as much
the result of nutritional deficiency, especially
potassium, as of a malfunctioning of the diges-
tive tract. Coudert et al. (1978) infected 2-mo-
old rabbits with 3 � 104 oocysts of E. intestinalis
and E. flavescens (¼ E. pellerdyi) and found that
by 10 days PI there were big changes (þ/�) in
the relative values of different plasma proteins,
including albumin, and a-, b-, and g-globulins,
accompanied by high increases of lipidemia
and uremia. Licois and Mongin (1980) looked
at the correlation of sodium (Naþ) and
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potassium (Kþ) related to water content in
rabbits infected with E. intestinalis and E. flaves-
cens and reported that (1) the defect in water
absorption was due to a lack of Naþ reabsorp-
tion at the site of the coccidial infections and
(2) in the colon, Naþ was reabsorbed against
Kþ secretion. Later, Coudert et al. (1993)
concluded that the LD50 for E. intestinalis is
0.5e1.0 � 104 sporulated oocysts, but that diar-
rhea is erratic. Oncel et al. (2011) noted that
10/10 dead rabbit kids in Turkey were thin
with reduced fat stores and muscle wasting,
had rough hair coats, and the small intestines
were distended and filled with gray-green
ingesta; the intestinal mucosa was hyperemic
and edematose. However, they could not attri-
bute the pathology noted only to E. intestinalis
because all 10 kids also were infected with
E. coecicola and E. perforans, as determined by
oocysts in their feces.

Material deposited: None.
Remarks: Pellérdy (1954b) was working with

oocysts from a “wild rabbit (O. cuniculus)” that
resembled those of E. piriformis (Kotlán and Pos-
pesch, 1934) except that they possessed an OR,
which those of E. piriformis lack. He was appar-
ently unaware of the description of E. intestinalis
by Cheissin (1948) at the time. To unravel this
mystery, he infected a “domestic rabbit” (likely
a lab-reared O. cuniculus) with these oocysts.
The oocysts produced from this experimental
infection were found to have an OR after they
sporulated. This led him to name a new species,
E. agnosta, which he distinguished from E. piri-
formis because its oocysts had an OR, which
those of E. piriformis lacked; however, he
provided no line drawing or photomicrograph
with his description, which made it a species
inquirenda. Once Pellérdy (1954a) discovered
Cheissin’s account of E. intestinalis (1949), he
synonymized E. agnosta with it. Pellérdy
(1954b) reported the oocysts of E. intestinalis to
be 27 � 18 (23e30 � 15e20) and later (1974) as
27e32 � 17e20. According to Gill and Ray
(1960), who reported E. intestinalis in India,

a few oocysts have concave surface plaques
which give the wall a wavy appearance. Kasim
and Al-Shawa (1987) examined 263 adult
domestic rabbits from three regions in Saudia
Arabia from 1984e1985, and found seven (3%)
to be infected with E. intestinalis. Their (1987)
oocysts were pear-shaped, 29.2 � 19.3 (25e34
� 17e22), L/W 1.5 (1.5e1.6), with a M and an
OR, and sporocysts 13.1 � 7.3 (10e16.5 �
6e8), L/W 1.8 (1.5e2.0). Vila-Viçosa and Caeiro
(1997) reported E. intestinalis in O. cuniculus in
Portugal, with piriform oocysts that measured
33e37.5 � 18e20.6. Grés et al. (2003) examined
254 wild rabbits from six localities in France
and E. intestinalis as one of 10 species they
identified.

When meronts and gamonts of E. intestinalis
developed in epithelial cells of the villi of the
small intestine, the activity level of alkaline
phosphatase decreased sharply compared to
that of cells of non-infected parts of the intestine.
Alkaline phosphatase is localized in the striated
border of the epithelial cells of the intestinal
mucosa. The more intense the infection, the
more clearly the disappearance of alkaline phos-
phatase from the striated border is expressed.
The processes of digestion and absorption of
material in the small intestine were disturbed
in the same way (work of Beyer, 1960 [paper
unavailable], as cited by Cheissin, 1967). Cheis-
sin (1965, microgametogenesis), Cheissin and
Snigirevskaya (1965, merozoites), Mosevich
and Cheissin (1961, merozoites), Snigirevskaya
(1969a, b, microgametogenesis) and Snigirev-
skaya (1969c, macrogametogenesis) all studied
the ultrastructure of various developmental
stages of E. intestinalis. Snigirevskaya (1968)
found that the meronts have several micropores,
including one at the level of the nucleus, that are
used for ingestion of nutrients. The merozoites
have an apical complex consisting of a conoid,
two rhoptries, micronemes, 24e30 subpellicu-
lar microtubules, and several mitochondria
(Mosevich and Cheissin, 1961; Cheissin and Sni-
girevskaya, 1965). Schrecke and Dürr (1970)
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found that 1-day-old rabbits could be infected if
enough oocysts were used. Susceptibility to
infections rose slowly with age until weaning,
when there was a marked increase. They
thought this was due mainly to diet-induced
physiological and biochemical properties of
the intestine. Licois and Coudert (1980b)
attempted to suppress immunity in rabbits
immunized against E. intestinalis. They inocu-
lated lab rabbits with five progressively larger
doses of oocysts (800, 3200, 12,800, 51,200,
204,800) every 2 weeks up to the third infection,
then weekly with the final two infection doses.
They found that a single infection with E. intes-
tinalis developed an immunity in rabbits, which
strongly reduced the excretion of oocysts and
the clinical signs of illness following subsequent
infections; in hyperimmunized rabbits it was
not possible for them to break immunity with
immunodepressors, or by provoking diarrhea
with an antibiotic, or by infecting the rabbits
with another species of coccidia (E. piriformis).

Licois et al. (1990) developed a precocious line
of E. intestinalis (EiP). In addition to shortening
the prepatent period, they reported the following
observations for EiP: (1) oocyst sporulation time
was the same for EiP as for the wild strain from
which it was developed; (2) excreted unsporu-
lated oocysts and the morphology and measure-
ments of sporulated oocysts were similar
between EiP and the wild strain; (3) in EiP sporo-
cysts, a huge SRwas located in two of four sporo-
cysts, while no SR was seen in the other two; (4)
the EiP line had a reproductive potential 1,000
times lower than that of its parent strain; and
(5) as judged by weight gain, mortality, and
lesions in the jejunum and ileum, pathogenicity
of the EiP strain was substantially reduced
when compared to those characteristics in
rabbits infected with the wild strain. Coudert
et al. (1993) looked at the immunizing potential
of E. intestinalis and said that as few as six oocysts
was sufficient to minimize the clinical expression
of disease following challenge with 3 � 103

oocysts 14 days later, and that oocyst output

was reduced by 60%. Moreover, inoculation
with 600 oocysts was sufficient for total suppres-
sion of the effects of challenge infection.

EIMERIA IRRESIDUA KESSEL &
JANKIEWICZ, 1931

Synonym: Eimeria elongataMarotel & Guilhon,
1941.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: NORTH AMERICA: USA: Cali-
fornia, Los Angeles.

Other hosts: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail; Lepus nigricollis F. Cuv-
ier, 1823 (syn. Lepus ruficaudatus Geoffroy, 1826),
Indian hare (?); see Remarks below.

Geographic distribution: ASIA: Azerbaijan
(former USSR); India; AUSTRALIA: New South
Wales, Western Australia; EUROPE: Belgium,
Czech Republic, France, Italy, Poland, Portugal;
MIDDLE/NEAR EAST: Iran, Saudia Arabia,

FIGURES 6.10, 6.11 Line drawing of the sporulated
oocyst of Eimeria irresidua from Catchpole and Norton, 1979,
with permission from Parasitology. Photomicrograph of
a sporulated oocyst of E. irresidua from Norton et al., 1979,
with permission from Parasitology.
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Syria, Turkey; NORTH AMERICA: USA: Cali-
fornia; SOUTH AMERICA: Brazil.

Description of sporulated oocyst: Oocyst shape:
ellipsoidal to slightly ovoidal, blunt at the end
with the M, such that the side walls appear
parallel; number of walls: 1; wall characteristics:
thicker on end with M, but tapering slightly at
opposite end, and usually light yellow or dark
brown; L � W: 38.3 � 23.8 (25e49 � 16e28);
L/W ratio: 1.6; M: present; M characteristics:
concave, conspicuous; OR, PG: both absent.
Distinctive features of oocyst: concave M and
lack of both OR and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal to ellipsoidal (line drawing);
L � W: 20 � 10; L/W ratio: 2.0; SB: present, at
pointed end of sporocyst (line drawing); SSB,
PSB: both absent; SR: present; SR characteristics:
irregularly elongate, compact and granular, 4e9
wide; SZ: lie end-to-end, with a large RB at
wider end. Distinctive features of sporocyst:
distinctive, pointed SB.

Prevalence: Reported in 10% of > 2,000
domestic rabbits from southern California
studied by Kessel and Jankiewicz (1931). Lund
(1950) found E. irresidua in 48/1200 (4%)
domestic rabbits from the same area. On the
basis of a 35-mo study in a free-living popula-
tion of wild rabbits on an experimental enclo-
sure in Australia, Mykytowycz (1956, 1962)
found that, once established within the popula-
tion, E. irresiduawas highly persistent, tended to
maintain a high level of infection regardless of
the season, was fairly common in rabbits of all
ages, and when it occurred its oocysts were
usually present in moderately high numbers.
From 1954e1958, Pastuszko (1963) examined
9,845 rabbits from 17 districts in Poland; these
included 502 rabbits by necropsy and 9,343 fecal
samples tested. She said (1963) that E. irresidua
caused coccidiosis in rabbits in Poland; the
oocysts were 38.3 � 25.6 (23e43 � 14e27; her
Table 1). Niak (1967) found it in 16/84 (19%)
rabbits from four rabbitries in Iran. Stodart
(1971) said she found it in 505/656 (77%) wild

rabbits in eastern Australia (New South Wales).
Peeters et al. (1981) found it in 39/533 (7%) fecal
samples from commercial rabbitries and in 21/
282 (7%) sick rabbits in traditional rabbitries in
Belgium. Veisov (1982) examined 3,150 rabbits
from three different areas/districts of the
Cuba-Khachmazskoy zone in Azerbaijan and
found 2,905 (81%) infected with nine species of
Eimeria, including E. irresidua; however, we
were not able to determine how many of the
rabbits examined harbored E. irresidua. Kasim
and Al-Shawa (1987) examined 263 adult
domestic rabbits from three regions in Saudia
Arabia from 1984e1985, and found 79 (30%) to
be infected with E. irresidua. Their (1987) oocysts
were ellipsoidal, 37.1 � 23.8 (33e43 � 21e26),
L/W 1.6 (1.4e2.0), with a M, but without an
OR, and sporocysts were 18.5 � 9.3 (16e22 �
8e11), L/W 2.0 (1.6e2.2). Santos and Lima
(1987) first documented E. irresidua in Brazil
and Santos-Mundin and Barbon (1990) reported
it in 123/375 (33%) rabbits in Minas Gerais,
Brazil. Darwish and Golemansky (1991) found
E. irresidua in 18/75 (24%) domestic rabbits
from four localities in Syria. Polozowski (1993)
examined feces from 246 rabbits in six farm
rabbitries in the Wroclaw District of Poland
and found 166 (67.5%) infected with E. irresidua;
141/166 (85%) infected rabbits were< 3-mo-old,
6/166 (4%) were 4e12-mo-old, 14/166 (8%)
were 13e24-mo-old, while only 5/166 (3%)
were > 24-mo-old. Hobbs and Twigg (1998)
examined fresh fecal samples fromwildO. cuni-
culus in Western Australia and found 107/1200
(9%) to harbor this species; 50 of their sporu-
lated, ellipsoidal oocysts measured 39.1 � 24.3
(35e45 � 21e27) with sporocysts 18.7 � 9.7
(16e21 � 9e11). Yakhchali and Tehrani (2007)
found E. irresidua in 122/436 (21%) New Zea-
land white rabbits from two rabbitries in north-
western Iran. Razavi et al. (2010) found E.
irresidua in 3/71 (4%) wild rabbits in southern
Iran; their oocysts were 37.2 � 23.8 (35e41 �
19e26), L/W 1.6, with a M, but lacking an OR,
and sporocyst were 17.9 � 8.7 (14e22 � 7e11).
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Sporulation: Exogenous. Oocysts sporulated
in 65 (50e70) hr in 2% (w/v) K2Cr2O7 solution
(Kessel and Janciewicz, 1931; Carvalho, 1943);
50 hr at 20�C (Lizcano Herrera and Romero
Rodriguez, 1969); 46 hr or less at 27�C (Norton
et al., 1979) in 2% (w/v) K2Cr2O7 solution;
50e90 hr at 18e20�C (Pastuszko, 1963) or 48 hr
at 27�C in 2% (w/v) K2Cr2O7 solution (Kasim
and Al-Shawa, 1987); Razavi et al. (2010) said
that sporulation occurred in 56 hr in 2.5%
K2Cr2O7 at 25e28�C.

Prepatent and patent periods: Prepatent period
is 8e9 days (Carvalho, 1943; Norton et al.,
1979), while the patent period is 17e21 days
(Carvalho, 1943) or 10e13 days, but can last 16
days (Cheissin, 1940, 1967).

Site of infection: Endogenous development
occurs throughout the small intestine, and can
be found within epithelial cells of the villi
from the duodenum to the jejunum to the lower
ileum (Kessel and Jankiewicz, 1931; Rutherford,
1943). The heaviest infection is located in the
upper 45e46 cm of the upper third of the small
intestine (Rutherford, 1943). Only merogony
occurs in the epithelium, while gamogony,
fertilization, and oocyst formation take place
in the subepithelium. The endogenous stages
develop along the entire villus and in the crypts
(Cheissin, 1967). The meronts and gamonts of
this species also are reported to localize above
the host cell nucleus (HCN) in the epithelial
cells they occupy.

Endogenous stages: There are at least four
generations of meronts. Six hr after inoculation
with sporulated oocysts, SZ are free in the intes-
tinal lumen and, after penetration, young mer-
onts began developing in the epithelium,
especially in the first 45 cm below the stomach.
Rutherford (1943) first described the life-cycle
stages of this species. He said that each of the
first two merogenous stages had a Type A mer-
ont and a Type Bmeront. Type Ameronts devel-
oped distal to the HCN, while Type B meronts
developed proximal to the HCN. In the first-
generation meronts, both Types A and B became

mature about day 6 PI. Type A first-generation
meronts were 8.5 � 7.2 and contained ~4
(2e10) banana-shaped merozoites, pointed at
both ends, that measured 6.5e7.2 � 1.5e1.8,
while Type B first-generation meronts were 17
� 13 and contained 36e48 banana-shaped
merozoites that were 11.5 � 1.8. The Type B
first-generation meronts pushed past the base-
ment membrane with their host cells bulging
into the subepithelial layers. Both types (A and
B) of first-generation meronts liberated their
merozoites at about the same time by gradual
necrosis of the tips of the villi. Second-
generation meronts, also with Types A and B,
matured on days 9e10 PI. The second-
generation Type A meronts produced 8e10
merozoites that were 7.2� 2.0 and were pointed
at both ends, while the Type B meronts
produced 48e75 merozoites that were 7.2 �
1.3. Norton et al. (1979) redescribed merogony
in this species, which they said took place in
the jejunum and ileum. Their first-generation
meronts were found in the glands, the second-
generation meronts in the lamina propria, and
their third and fourth-generation meronts in
the villous epithelium. They saw first-
generation meronts as early as 96 hr, but there
were not enough for them to get good measure-
ments. According to Norton et al. (1979), first-
generation merozoites penetrated neighboring
cells below the epithelium and appeared to
migrate through the lamina propria towards
the base of the villi. Colonies of second-
generation meronts were present throughout
the entire small intestine, except the first and
last 20 cm (Norton et al., 1979). Norton et al.
(1979) said that at ~120 hr PI, mature second-
generation meronts were 35.7 � 30.7 (29e39 �
26e35) with ~50 merozoites that were 15.8 �
2.4. Their third- and fourth-generation meronts
could not be distinguished morphologically,
but they occurred at slightly different times PI,
with third-generation meronts at 144 hr PI and
fourth-generation meronts at 168 hr PI. Meronts
from these two generations, combined, were
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16.4 � 25.0 (20e29 � 16e25), with 40e50 mero-
zoites, 15.8 � 2.5, tightly packed around a small
RB. Cheissin (1967) also looked at endogenous
development of this species and said that at
the same time as the second-generation mer-
onts, “even larger meronts are found” that
measured 7e10, each with 1e20 merozoites,
10e12.5 � 2e4 (among the largest known in
the rabbit coccidia). Could this be a third-
generation meront or is it just a larger version
of the second generation? Also according to
Cheissin (1967), on day 5 PI, small meronts,
5e7, each with 2e4 merozoites were found; he
called these the third-generation meronts, but
for unexplained reasons. Then on day 7 PI, mer-
onts 7e12 long were found which contained
12e25 merozoites, each 5e8 long; Cheissin
(1967) called these fourth-generation meronts.
Also, unlike many species of coccidia from
non-lagomorphs, which have only one N per
merozoite, sickle-shaped polynuclear merozo-
ites were observed in E. irresidua and a few
others, also from rabbits (E. magna, E. media)
(Cheissin, 1967). Such merozoites have from
two to eight N situated along their length, and
they are larger than the mononuclear merozo-
ites of the same generation.

Beginning on about days 5e6 PI, young gam-
onts appear. Rutherford (1943) thought that
Type B second-generation merozoites turned
into macrogametes. Young macrogametes
occurred at the base of the epithelial cells in
close association with connective tissue
elements, much like the Type B first-generation
merozoites. At day 6 PI, the gametes and mero-
zoites did not appear to be limited to any partic-
ular region of the mucosa. Young macrogametes
were spheroidal, 3.5e4.5 wide, and had a central
karyosome in the N and an indefinite nuclear
border with little cytoplasm. At day 8 PI, they
were 14e16 wide with a N, ~3 wide, and a large
karyosome. By day 9 PI, those that had been
fertilized had formed an oocyst wall with a M,
and were about 36� 24 (Rutherford, 1943). Nor-
ton et al. (1979) found macrogamonts in cells of

the epithelium and lamina propria that were
33.9 � 20.5. Microgamonts were mature at day
9 PI and were 28.5 � 20.0, with a large number
of biflagellate microgametes (Rutherford,
1943). Norton et al. (1979) first saw young gam-
onts at 192 hr PI, which matured over the next
24 hr. These measured 37.2 � 32.6 and were
found in the villous epithelium of the jejunum
and ileum. Each microgamont produced many
flagellated microgametes with a central N.
Cheissin (1967) said microgametocytes were
30e60 � 30e50 and formed many
microgametes.

Cross-transmission: Kessel and Jankiewicz
(1931) were not able to transmit this species to
domestic chickens or guinea pigs. Carvalho
(1943) transmitted it experimentally to the
cottontail rabbit, S. floridanus mearnsi. Pellérdy
(1954a) was not able to infect the hare, L. euro-
paeus, with this species isolated from the
domestic rabbit.

Pathology: This is one of the more pathogenic
of the intestinal coccidia of rabbits according to
Kessel and Jankiewicz (1931) and Levine and
Ivens (1972). Most endogenous stages of E. irre-
sidua lay below the HCN, causing the host cell to
deteriorate, and, depending on the size of the
inoculating dose, the virulence of the strain,
and the susceptibility of the host, cell destruc-
tion results in inflammation of varying severity
(Pellérdy, 1974). Kessel and Jankiewicz (1931)
said that E. irresidua destroyed many epithelial
cells and caused inflammation and hyperemia.
There may be extravasation of blood from capil-
laries and the epithelium may slough and
become denuded. However, Norton et al.
(1979) said that it is not pathogenic, that heavy
infections produce only a transient pause in
weight gain, while Pellérdy (1974) said it is,
and should be regarded as a pathogenic
coccidium of the tame rabbit, even though it is
relatively rare.

Material deposited: None.
Remarks: Most of the description of the sporu-

lated oocyst, above, is from the original
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description (Kessel and Jankiewicz, 1931) and
from Carvalho (1943); however, Norton et al.
(1979) redescribed the sporulated oocysts of
this species as follows: broadly ellipsoidal,
with M, ~4 (3e7) wide; wall two-layered; outer
is smooth, yellow, 1.4 thick; inner as a dark
line, 0.4 thick; L � W 38.4 � 23.2 (35e42 �
19e28); L/W ratio 1.65; OR presence variable,
being absent in 20/170 (12%) oocysts they
studied; of the remaining oocysts, 57% had an
OR composed of only a few granules, while
31% had a spheroidal OR ~2 (1.5e5) wide.
Sporocysts were elongate ovoidal, 19 � 9
(15e22 � 7e11), with a distinct SB and a promi-
nent SR; SZ were elongate, 22 � 4 after excysta-
tion in bile and trypsin, with 1e3 clear RBs each.
Oocysts of E. irresidua resemble those of E.
magna and E. stiedai, but differed by being larger,
by having pointed sporocysts, and by having
a conspicuous M that was concave instead of
being convex like those of the other two species.
Oocysts of E. irresidua also did not exhibit the
marginal thickening of the wall around the M,
which was seen in E. magna. Ry�savý (1954)
said he found E. irresidua in L. europaeus in the
Czech Republic with oocysts that were
28.9e42.8 � 13.6e26.7, with sporocysts 11 � 7,
and that these oocysts sporulated in 50e60 hr;
he (1954) also said the parasite was in the small
intestine (but didn’t say how he determined
this) and that it was abundant in the hares and
rabbits he sampled. Morgan and Waller (1940)
said they found E. irresidua in the majority of
210 cottontails, S. floridanus, in Iowa, and that
it had a large, conspicuous M on oocysts that
were 36.5 � 18.4 mm, but Carvalho (1943) was
unable to find it in S. floridanus from the same
area. Carvalho (1943, p. 110) said, “it has also
been reported from L. californicus and S. florida-
nus ...,” but he did not provide a literature cita-
tion for his statement and we are unable to
find any such reference. However, Carvalho
(1943) described a similar form from L. campest-
ris townsendii as E. irresidua form campanius; this
is now E. campania and is most likely the species

that occurs in hares and the species seen by
Ry�savý (1954). The form described as E. irresidua
from the Indian field hare, L. nigricollis, by Gill
and Ray (1960), also is most probably E. campa-
nia. Vila-Viçosa and Caeiro (1997) reported E.
irresidua in Portugal, with ovoidal oocysts from
O. cuniculus being 35.6e37.5 � 22.5e24.3. It
has been successfully transmitted to Sylvilagus,
but the validity of E. irresidua as a parasite of
Lepus species is doubtful and will need to be
verified by cross-transmission and/or molec-
ular studies.

EIMERIA LEPORIS NIESCHULZ,
1923 (FIGURES 5.26, 5.27)

Synonyms: non Eimeria leporis Nieschulz of
Morgan and Waller, 1940 and of Waller and
Morgan, 1941; Eimeria leporine Nieschulz, 1923
of Sugár et al. (1978).

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Remarks: Ry�savý (1954) said he found abun-
dant numbers of oocysts of E. leporis in both O.
cuniculus and in L. europaeus in the Czech
Republic, with oocysts that were 25.5e36.3 �
13.6e17.5, sporocysts 12 � 6.7, and that these
oocysts sporulated in 48e60 hr. However, Nie-
schulz (1923), Pellérdy (1956), and Lucas et al.
(1959) were unable to infect domestic rabbits,
O. cuniculus, with this species isolated from L.
europaeus. We believe that molecular and/or
cross-transmission confirmation is needed
before we can accept E. leporis as a valid species
of O. cuniculus. See Chapter 5 for the complete
description of E. leporis.

EIMERIA MAGNA PÉRARD, 1925b

Synonym: Eimeria perforans var. magna Pérard,
1925b.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.
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Type locality: EUROPE: France.
Other hosts: Lepus californicus Gray, 1837, the

Black-tailed jackrabbit (?); Lepus capensis L.,
1758, Cape hare (?); Lepus europaeus Pallas,
1778, European hare (?); Lepus nigricollis F. Cuv-
ier, 1823 (syn. L. ruficaudatus), the Indian hare
(?); Lepus timidus L., 1758, the Mountain hare
(?); and Sylvilagus floridanus (J.A. Allen, 1890),
Eastern cottontail (experimental, Carvalho,
1943). Its validity as a parasite of Lepus species
needs to be verified by cross-transmission
and/or molecular studies.

Geographic distribution: AFRICA (?): Nigeria
(?); ASIA: Azerbaidzhan (former USSR), India,
Japan, Taiwan; AUSTRALIA: New South Wales,
Western Australia; EUROPE: Belgium, Czech
Republic, France, Germany, Italy, Poland,
Portugal; MIDDLE/NEAR EAST: Iran, Iraq,
Saudi Arabia, Syria; NORTH AMERICA: USA:
California, Iowa; SOUTH AMERICA: Brazil.

Description of sporulated oocyst: Oocyst shape:
ovoidal to ellipsoidal; number of walls: 2, of
which the outer layer is easily detached; wall
characteristics: dark yellow to orange to
brownish and appears truncated at the end

with the M; L � W: 35 � 24 (27e41 � 17e29);
L/W ratio: 1.5; M: present; M characteristics:
a collar-like thickening of outer layer around
M, but this may not be seen if the outer layer
has been detached; OR: present; OR characteris-
tics: large, 4e12 wide, although in exceptional
cases, Cheissin (1947b) said there may be none;
PG: absent. Distinctive features of oocyst:
collar-like thickening of outer wall layer around
M and a very large OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal to ellipsoidal (line drawing);
L � W: 15 � 7.8 (11e16 � 6e9); L/W ratio: 1.9;
SB: present, small (Pellérdy, 1974) or absent (Pér-
ard, 1925b; Levin and Ivens, 1972); SSB, PSB:
both absent; SR: present; SR characteristics:
coarsely granular and appears as a small cluster
(1e3 or up to 4e5 wide) in the middle of sporo-
cysts between SZs; SZs: lie head-to-tail around
the SR, each with a central N and one large RB
at their broad end. Excysted SZ were 19.7 �
3.3 (Ryley and Robinson, 1976). Distinctive
features of sporocyst: distinct SR and the very
small (or absence of) SB.

Prevalence: This species is fairly common.
Kessel and Jankiewicz (1931) found it in about
200 of > 2,000 (19%) domestic rabbits in Califor-
nia. Lund (1950) reported E. magna in almost
100/1,200 (8%) domestic rabbits in southern
California. Mykytowycz (1956, 1962) did
a 35-mo study of a free-living population of
wild rabbits in an experimental enclosure in
Australia. He found that the average level of
infection fluctuated markedly with the season,
but was unable to find a satisfactory explanation
for the fluctuation. Eimeria magnawas one of the
least common species that he found in rabbits of
all ages, and it occurred most frequently in
1-mo-old rabbits. Niak (1967) found it in 25/84
(30%) rabbits from four rabbitries in Iran. Mirza
(1970) found it in 11/31 (35%) domestic rabbits
in Iraq. Stodart (1971) found E. magna in 154/
656 (23.5%) wild rabbits in New South Wales,
eastern Australia. Peeters et al. (1981) found it
in 393/770 (51%) fecal samples from

FIGURES 6.12, 6.13 Line drawing of the sporulated
oocyst of Eimeria magna from Carvalho, 1943, with permis-
sion from John Wiley & Sons Ltd. (current rights owner of
the Iowa State College Journal of Science). Photomicrograph of
a sporulated oocyst of E. magna from Hobbs and Twigg,
1998, with permission from the Australian Veterinary Journal.
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commercial, domestic rabbitries and in 104/282
(37%) sick rabbits in traditional rabbitries in
Belgium. Veisov (1982) examined 3,150 rabbits
from three different areas/districts of the
Cuba-Khachmazskoy zone in Azerbaijan and
found 2,905 (81%) infected with nine species of
Eimeria, including E. magna; however, we were
not able to determine how many of the rabbits
examined harbored this species. Kasim and
Al-Shawa (1987) examined 263 adult domestic
rabbits from three regions in Saudia Arabia
from 1984e1985, and found 109 (41%) to be
infected with E. magna. Santos and Lima (1987)
first documented E. magna in Brazil and
Santos-Mundin and Barbon (1990) reported it
in 146/375 (39%) rabbits in Minas Gerais, Brazil.
Darwish and Golemansky (1991) found E.
magna in 25/75 (33%) domestic rabbits from
four localities in Syria. In an unpublished
Master’s thesis, Ogedengbe (1991) said he found
E. magna in 19.5% of the rabbits surveyed in
Kaduna State, Nigeria. However, he (1991)
neglected to state how many rabbits were
surveyed, nor did he mention the host species;
Anonymous (2012) listed the Cape hare, L.
capensis, as the only lagomorph species found
in Nigeria. Polozowski (1993) examined feces
from 246 rabbits in six farm rabbitries in the
Wroclaw District of Poland and found 163
(66%) infected with E. magna; 149/163 (91%)
infected rabbits were < 3-mo-old, 3/163 (2%)
were 4e12-mo-old, 9/163 (5.5%) were 13e24-
mo-old, while only 2/163 (1%) were > 24-mo-
old. Hobbs and Twigg (1998) examined fresh
fecal samples from wild O. cuniculus in Western
Australia and found 391/1,200 (33%) with
oocysts of E. magna and 50 of their sporulated,
ovoidal oocysts measured 35.2 � 21.8 (30e42
� 18e26), with sporocysts 15.3 � 8.5 (14e18 �
7e10). Grès et al. (2003) found E. magna in
17e42% of 254 wild rabbits sampled from six
different localities in France. They identified 10
eimerians from these 254 rabbits and, appar-
ently, 100% were infected with one or more of
these 10. Unfortunately, they did not specifically

mention how many individuals were infected
with multiple species vs. those with single
species infections. Yakhchali and Tehrani
(2007) found E. magna in 152/436 (35%) New
Zealand white rabbits from two rabbitries in
northwestern Iran. Razavi et al. (2010) found
E. magna in 12/71 (17%) wild rabbits in southern
Iran; their oocysts were 35.1 � 23.9 (29e38 �
17e29), L/W 1.5, with a M and with an OR,
11.6 (10e14) wide, and sporocyst 15.3 � 8.6
(12e17 � 6e10). Li et al. (2010) reported E.
magna in 101/642 (16%) O. cuniculus from pet
shops (63/642) and farms (38/342) in 11 districts
on the island of Taiwan.

Sporulation: Exogenous. Oocysts sporulated
in a minimum of 2 days (Pérard, 1925b); 3e5
days at room temperature (Cheissin, 1967);
48e52 hr for small oocysts and 62e72 hr for
large ones (Cheissin, 1947b); 50 (48e55) hr (Car-
valho, 1943; Kasim and Al-Shawa, 1987); 50e60
hr (Matsubayashi, 1934); 2e3 days at 18e20�C
(Pastuszko, 1961b, 1963); or 4 days (Mandal,
1976). Ryley and Robinson (1976) studied
samples from fresh rabbit droppings placed at
a range of temperatures and examined them at
6-hr intervals for percentage sporulation. They
(1976) found that sporulation proceeded rapidly
at temperatures from 18 to 30�C, being
completed by about 48 hr, and that oocysts
held at 0e4�C did not sporulate, but did so nor-
mally when transferred to a higher temperature,
reaching 90þ% sporulation in 3 days at 25�C;
Razavi et al. (2010) saw sporulation in 52 hr in
2.5% K2Cr2O7 at 25e28�C; Li et al. (2010) said
that sporulation occurred in 32e44 hr in 2.5%
K2Cr2O7 at 25

�C.
Prepatent and patent periods: Prepatent period

is 7e9 days (Cheissin, 1940) or 6e7 days PI
(Ryley and Robinson, 1976). The patent period
is 15e19 days or 180e186 hr PI when infected
with 150e200 oocysts and 216 hr PI when
infected with one oocyst (Cheissin, 1940, 1967)
or 16 (12e21) days (Carvalho, 1943).

Site of infection: Endogenous developmental
stages were found in columnar epithelial cells
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of the villi in the middle to lower part of the
small intestine (Pérard, 1925b; Shazly et al.,
2005), but Carvalho (1943) said that cells of the
cecum and large intestine were infected as
well. Matsubayashi (1934) said it located in the
“tunica propria of mucous membrane of the
intestine.” Rutherford (1943), who first
described the life cycle, said it developed in
the villar epithelial cells either above or below
the HCN from the middle jejunum to the poste-
rior end of the ileum, but not in the duodenum.
Cheissin (1967) said that in an average-intensity
infection, the first-generation meronts localized
about 15 (10e20) cm from the cecum and the
second-generation meronts were found about
30 cm along the length of the colon. In an intense
infection, endogenous stages spread over the
length of the lower half of the small intestine,
with gamonts sometimes found in the appendix
and cecum (Cheissin, 1947a, 1967). Develop-
ment of all stages began in epithelial cells, but
infected cells sink into the tunica propria where
mature meronts, gamonts, and oocysts were
localized.

Endogenous stages: The SZ of E. magna enter
their host cells within 12 hr after oral ingestion
of sporulated oocysts. Pérard (1925b) and Ruth-
erford (1943) were the first to study the life cycle
of this species within intestinal epithelial cells of
the rabbit; unfortunately, Rutherford’s descrip-
tion of the asexual stages is quite confusing:
“On the 4th day young and adult merozoites
will be seen which belong to two distinct types
previously mentioned as occurring in E. irresi-
dua.” This leads into a description of Type A
and Type B merozoites, each with a first and
second generation. These are so intertwined in
his description as to create sufficient confusion
that, from our point of view, his description of
these early stages is not of much use. Cheissin
(1940, 1965, 1967) believed that Rutherford’s
Type A and Type B meronts and merozoites
belonged to different generations. He described
the process as follows: the SZ infected epithelial
cells, but then sink into the tunica propria, where

mature meronts, gamonts, and oocysts develop.
Young, first-generation meronts developed as
early as 48 hr PI, and measured 11 � 7, with
8e24 merozoites (Cheissin, 1967, p. 32). By
92e96 hr (or days 5e6) PI, larger, second-
generation meronts appeared; they were 14e20
wide and formed 6e40 second-generation mero-
zoites that were 8.9 � 2.1 (Cheissin, 1967, p. 29)
or they were 14e36 wide and contained as
many as 40 merozoites (Cheissin, 1967, p. 32);
he attributed size differences seen in second-
generation meronts and merozoites to sexual
dimorphism. At 120e168 hr, or days 6e7 PI,
even larger third-generation meronts appeared
that were 25e40 wide and had 30e80 merozo-
ites, each 5e10 long (Cheissin, 1967). On days
7e8 PI, another generation of meronts (and
perhaps two) appeared. They were 25e45 long
and each had 30e60 or, perhaps, up to 125 mero-
zoites, which were 6 � 2. Matsubayashi (1934)
saw one meront with 60 merozoites.

From day 4 PI, it was often possible to see
sickle-shaped polynuclear merozoites (vs. those
which have only one N per merozoite; Cheissin,
1967, pp. 41e42); multinuclear merozoites also
have been observed in other Eimeria species
from O. cuniculus (e.g., E. coecicola, E. irresidua,
others). These merozoites have from two to
eight N situated along their length, and they
are larger than the mononuclear merozoites of
the same generation. The binuclear second-
generation merozoites of E. magna measured 8
� 2, trinuclear merozoites were 9 � 3, and hex-
anuclear merozoites were 10 � 3. The binuclear
third-generation merozoites measured 10 � 3,
the tetranuclear third-generation merozoites
were 13 � 4, and the octanuclear third-
generation merozoites were 15 � 5 (Cheissin,
1967). The polynuclear merozoites formed in
small numbers in one meront. When this
happened, the merozoites formed always had
the same number of N. Cheissin (1940, 1947a,
1967) reported that the cytoplasm of meronts
contained round or bacillus-shaped mitochon-
dria with numerous short internal tubes in E.
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magna and in those of E. irresidua (Cheissin,
1967, pp. 42e45). There seemed to be no
synchrony in the development of asexual gener-
ations and, in some cases, meronts of different
generations were present in cells of the intes-
tinal mucosa at the same time. Danforth and
Hammond (1972) studied merogony of these
multinucleate forms with the electron micro-
scope. In rabbits killed on day 4 PI they found
that some of the meronts had uninucleate mero-
zoites, while others had multinucleate ones;
they interpreted the multinucleate forms to be
merozoite-shaped meronts which contained
rough endoplasmic reticulum, mitochondria,
micronemes, clear globules, and, occasionally,
lipid droplets, and some N contained a nucle-
olus. Danforth and Hammond (1972) thought
that the presence of multinucleate merozoites
indicated that there might be another merogonic
generation in the same parasitophorous
vacuole (PV). Merogony (with conoid forma-
tion, etc.) was taking place within these mer-
onts; that is, endopolygeny was occurring.
Senaud and �Cerná (1969) described the ultra-
structure of merozoites and their merogonous
process in this species.

Ryley and Robinson (1976) studied the endog-
enous development of E. magna at 6-hr intervals
from both fresh intestinal scrapings squashed in
saline and in fixed and sectioned intestinal
stages stained with hematoxylin and eosin. Their
(1976) work began to clear some of the confusion
generated by the complex and seemingly con-
flicting observations of earlier colleagues. They
(1976) found at least five cycles of merogony
before gametogony; these later were confirmed
by Shazly et al. (2005), but they then added
another layer of confusing terminology. Accord-
ing to Shazley et al. (2005) each generation of
meronts produced both Type A (micromeront)
and Type B (macromeront) stages with micro-
meronts producing a small number of largemac-
romerozoites, while macromeronts produced
a large number of smaller micromerozoites.
The first-generation meronts appeared 24e30

hr PI, only in the glands, and were 15 � 11.
When mature, these meronts produced Type A
micromeronts, 9.4 � 8.2, with two to eight to 12
multinucleatemacromerozoites and Type Bmac-
romeronts, 12.2 � 10.7, with 20 uninucleate
micromerozoites. All other stages following the
first-generation meronts took place in the upper
parts of the small intestinal villi. The second-
generation meronts appeared ~50 hr PI, again
with two types: second-generation micromer-
onts (Type A) were 10.7 � 9.6, and produced
2e9 merozoites, while second-generation Type
B meronts were 11.3 � 11.7, and produced
20e30 merozoites by ~66 hr PI. Third-
generation meronts were reported at 70 hr PI.
Third-generation Type A micromeronts were
11.2� 10.1 and contained 4e10macromerozoites
and Type B macromeronts were 14.2 � 12.8 and
produced 20e50 micromerozoites. Fourth-
generation micromeronts were 11.8 � 10.7, with
4e14 macromerozoites, and fourth-generation
macromeronts were 14.9 � 13.1 with 20e50
micromerozoites, ~102 hr PI. Fifth-generation
micromeronts were 12.1 � 11.2, with 4e16 mac-
romerozoites and fifth-generationmacromeronts
were 15.6 � 14.2, with 20e60 micromerozoites,
after 120 hr PI. Shazly et al. (2005), who also
examined the ultrastructure of these stages,
said that both Type A and Type B merozoites
of all five generations have all of the typical Api-
complexa characters including pellicle, micro-
pores, conoid, rhoptries, micronemes, polar
rings, and subpellicular microtubules and,
further, said that all five generations were
formed by ectomerogony. This contradicted
what others who worked on the developmental
stages of rabbit eimerians (e.g., see E. coecicola,
E. exigua, E. intestinalis, others) had reportedd
that smaller (Type A) meronts have fewer mero-
zoites that are polynucleate and develop by
endomerogony. Shazly et al. (2005) did not study
the development or ultrastructure of the sexual
stages, but Al-Ghamdy et al. (2005) did.

Sexual stages were first seen at 96 hr PI, but
maximal sexual activity was noted at 120e192
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hr PI (Rutherford, 1943; Cheissin, 1940, 1965,
1967; Speer and Danforth, 1976; Speer et al.,
1973b). Al-Ghamdy et al. (2005) said that sexu-
ally differentiated fourth- and fifth-generation
merozoites transformed into micro- or macroga-
monts at 125 hr PI. Rutherford’s (1943) rendition
of gamogony was sketchy. He found it impos-
sible to distinguish early gametes from one
another. He did say that “mature microgameto-
cytes show terminal flagella, and what appears
to be a nucleus located in the mid-region.” By
days 5e6 PI, he was able to recognize spheroidal
macrogametes that had a N with a prominent
karyosome (nucleolus); larger macrogametes
were 18e20 wide, with large plastic globules
in their cytoplasm. Beyer and Ovchinnikova
(1964) also were the first to quantify RNA
content in growing macrogametes of E. magna
using the microspectrophotometer to scan fixed,
stained macrogametes. Their results indicated
that although the RNA concentration decreased
as the gamont grew, the total amount of RNA in
the cytoplasm of the macrogamete continuously
increased, with the highest value being
measured just before fertilization and formation
of the oocyst wall. For E. magna microgamonts,
however, they saw a delay in RNA increase
between their gamont classes II and III. Then
after the delay, the quantity of RNA rose
steadily during the remainder of development.
This differed somewhat from the steady
increase of RNA seen in the microgamonts of
E. intestinalis (above). They explained this differ-
ence arguing as follows: “soon after its estab-
lishment within the host’s cell in the intestinal
epithelium, [E. magna] changes its location for
that in the tunica propria. This change, followed
by the adaptation to the new life conditions in
tunica propria, as compared with those in the
intestinal epithelium, might account for the
delay in the increase of the RNA amount in E.
magnawhich occurs at the first half of the macro-
gamete development.”

Cheissin (1940, 1965, 1967) studied gametog-
ony and the descriptions that follow mostly are

from his work. Microgamonts were recognizable
as early as day 5 PI and were 24 � 14. When
mature, at days 6e7 PI, they measured 40e17,
with biflagellated microgametes that were 3e5
� 0.6e0.8, and the flagella were 15 long (Cheis-
sin, 1967). Cheissin (1965) described microga-
mete formation in detail, using both light and
electron microscopes, and divided the process
into two phases. In his phase I, the microgamont
increased in size, its N multiplied, and when it
had 16e24 N, it was about 10e12 wide. It
remained ovoidal, and attained a size of 25e40
� 20e30. At first, the N were scattered in the
cytoplasm, but later they came to lie on the
periphery, forming several cytomeres. The N
decreased in diameter as their numbers
increased. In the early stages they were about 8
wide, but by the time there were 150e200 of
them, each was about 1.7 wide. A large mito-
chondrion formed in association with each N,
presumably as the result of fusion of several
smaller ones. The anlagen of the basal bodies
of the future flagella of microgametes appeared
when they were 12e16 wide. They, too, were
seen near the N. The flagella formed during
phase I and came to lie on the surface of the
microgamonts. During phase II the microga-
metes differentiated. The N did not increase in
number, but elongated, eventually becoming
comma-shaped. Large protuberances formed on
the microgamont; each contained a N, mitochon-
drion, and flagellar anlagen. As the N elongated,
the flagella did also. Themicrogametes remained
attached to the microgamont by their anterior
end and remained attached until the perforato-
rium was formed, after which they separated,
leaving a large residuum of cytoplasm. About
750e1,000 microgametes were formed by each
microgamont, each ~3e4� 0.5 with two flagella,
5e7 long. Speer and Danforth (1976) and Al-
Ghamdy et al. (2005) also studied the fine struc-
ture of microgametogensis. The former authors
(1976) confirmed that microgametes have two
flagella plus 8e10 microtubules. Al-Ghamdy
et al. (2005) added that microgamonts were
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recognizable by the presence of peripherally
arrangedNand the presence of one or two centri-
oles between theN and limitingmembrane of the
gamont. Their (2005) maturemicrogamontswere
52.3 � 50.8 and produced 150e250 microga-
metes, each with two flagella.

Macrogametes are initially spheroidal and
could be recognized on days 5e6 PI; their N
had a large karyosome and contained plastic
granules (wall-forming bodies), which later
formed the oocyst wall. After fertilization they
had a typical wall with a distinct M and
measured 30e35 � 15e20. Speer et al. (1973b)
studied macrogametogenesis in rabbits killed
5.5 days PI. Micropores were present in all
stages. Macrogamonts were recognized by the
presence of wall-forming bodies of types I and
II. Type II wall-forming bodies and lipid glob-
ules were the first cytoplasmic inclusions to
appear early in the development of the macro-
gamont, while type I wall-forming bodies
appeared later, were smaller, and were distrib-
uted peripheral to the type II wall-forming
bodies. Both gamete types had two phases:
growth and differentiation.

Cross-transmission: Both Becker (1933) and
Carvalho (1943) transmitted E. magna experi-
mentally from the domestic rabbit to the cotton-
tail rabbit, S. floridanus mearnsii, but Pellérdy
(1954a) was not able to infect the hare, Lepus
europaeus, with this species isolated from the
domestic rabbit. Despite the fact that Pellérdy
(1965, 1974) listed both Lepus and Sylvilagus
species as hosts, these animals are not natural
hosts. Burgaz (1973) said she was able to trans-
mit E. magna oocysts from O. cuniculus to L. tim-
idus, but her paper must be viewed with caution
because she did not give specific information
regarding how she identified the eimerian
species, nor did she detail the procedures
regarding whether or not the hosts were
infected prior to inoculation. We think it likely
that she was dealing either with E. robertsoni or
E. townsendi. Morgan andWaller (1940) reported
E. magna oocysts in S. floridanus from Iowa, but

Carvalho (1943) found no E. magna oocysts in
this same cottontail species, also from Iowa.
Kessel and Jankiewicz (1931) were unable to
infect the domestic chicken or guinea pig with
oocysts of E. magna, Yakimoff and Iwanoff-
Gobzem (1931) were unable to infect the dog,
chicken, pigeon, white rat, or mouse, and Becker
(1933) could not infect the Norway rat.

Pathology: This may be one of the most path-
ogenic of the intestinal coccidia of the rabbit
(Levine, 1973b; Coudert, 1989; Pakandl et al.,
1996c). Only a few hundred oocysts of some
strains may produce signs of disease, and inoc-
ulation with 3 � 105 sporulated oocysts may
cause death (Lund, 1949), while other strains
seem to be less pathogenic, with doses of
1 million oocysts not causing death. Ryley and
Robinson (1976) inoculated lab rabbits with
1 � 105 or 2 � 105 sporulated oocysts and said
that pathogenic effects were mostly mild,
amounting to growth depression over days
4e7 PI with softening of the feces and only occa-
sional diarrhea and/or death. The principal
signs of disease were loss of weight, loss of
appetite, and diarrhea. A good deal of mucus
may be passed in the feces of infected rabbits,
while the animals lose their appetites and
grow thin. The intestinal mucosa became hyper-
emic and inflamed, and epithelial sloughing
occurred. Francalanci and Manfredini (1967)
reported severe hemorrhagic-catarrhal enteritis
of the ileum and jejunum. On the other hand,
Coudert (1976) found relatively mild effects in
rabbits inoculated with 5 � 105 oocysts, with
weight gains and feed intakes reduced on days
2e7 PI, and diarrhea on days 4e9 PI, but there
were no deaths. Fioramonti et al. (1981) looked
at intestinal motility as it affected the transit of
food materials in rabbits infected with 1 � 105

E. magna oocysts and found that intestinal hypo-
motility and increased flow of digesta seemed to
be the two primary disturbances, the conse-
quences of which were changes in the gastric
and cecal motility contributing to an increased
transit time of digesta.
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Material deposited: None.
In vitro cultivation: Speer and Hammond

(1971) cultivated this species in Madin-Darby
bovine kidney (MDBK) cells and epithelioid
embryonic bovine liver (BEL-1) cells, and
obtained mature first- and second-generation
meronts, but the intracellular SZ did not
develop in bovine fibroblastic embryonic liver
cells, lamb trachea cells, or aggregates of
primary embryonic bovine kidney cells. The
PV containing the SZ was formed by the host
cell (Jensen and Hammond, 1975). Speer and
Hammond (1971) found in the MDBK and
BEL-1 cultures that first-generation meronts
looked like “sporozoite-shaped schizonts”
with 2e8 N, and later became spheroidal.
First-generation merozoites were apparently
formed by radial budding. Only four (2e8)
first-generation merozoites were formed, in
3 days, as compared with six (2e10) merozoites
in 3e4 days in rabbits. At 3e4 days in cell
cultures there were ~13 (4e48) merozoites.
These first-generation merozoites entered new
host cells, and some of them turned into mer-
onts, which formed 2e4 second-generation
merozoites. Some of these entered new host
cells, but they did not develop further. Speer
et al. (1973a) inoculated MDBK, embryonic
bovine trachea, and primary rabbit kidney cell
cultures, starting with uni- and multinucleate
merozoites obtained by scraping the intestinal
mucosa of rabbits inoculated 3e5.5 days earlier.
Merozoites formed meronts containing 2e80
merozoites and most of these remained where
they were as “merozoite-shaped” meronts and
formed 2e48 uninucleatemerozoites of a further
generation; thus, the resultant composite mer-
ont contained 40e500 merozoites. Some of these
entered other cells at 60e120 hr and formed
a third tissue-culture generation of small and
medium-sized meronts or gamonts. The macro-
gamonts moved by means of pseudopods in
MDBK cell cultures, even going from one host
cell to another (Speer and Hammond, 1972a,
b). In order to obtain further development,

Speer and Hammond (1972a, b) inoculated
MDBK cultures with merozoites from mucosal
scrapings of a rabbit inoculated 5 days and 6
hr earlier. They observed mature microgamonts
32 wide after 72 and 80 hr, and mature oocysts
after 72 hr. Mature macrogamonts, presumably
at 60 hr, were 28.5 � 21 in size. Speer and Dan-
forth (1976) studied the fine structure of micro-
gametogensis in rabbit kidney cell cultures
and it was the same as in the rabbit intestine.
Speer (1979) studied the development of gam-
onts and oocysts in monolayer, cell-line cultures
of embryonic bovine trachea (EBT), MDBK, and
primary rabbit kidney cells, starting with mero-
zoites. Merozoites from rabbits inoculated
3 days earlier entered host cells and produced
another generation of merozoites only. Merozo-
ites from rabbits inoculated 3.5e5.5 days earlier
formed both gamonts and meronts. First- and
second-generation merozoites produced both
gamonts and meronts, but third-generation
merozoites produced only gamonts. Mature
microgamonts were 34 wide, unsporulated
oocysts were 31 � 22, and sporulated oocysts
were 32 � 23. Oocysts obtained from cell
cultures were sporulated and then inoculated
into rabbits by gavage and rabbits passed
oocysts 6e10 days later. Sporozoites developed
to first- or second-generation meronts in cell
cultures. Jensen and Edgar (1976) studied the
penetration of E. magna SZs into EBT cells and
showed that the host cell membrane was not
broken during entry of the parasite, but it did
undergo alterations characterized by blebbing
of vesicles, thickening, and eventual disorgani-
zation once penetration was completed. They
(1976) proposed that rhoptry secretions aided
penetration by changing the cell’s surface char-
acteristics, which produced an eventual break-
down of the invaginated portion of the host
cell membrane.

Remarks: Prior to Pérard’s (1925b) description
and naming E. magna, other workers had
considered oocysts of this species to be a larger
form of E. perforans or had confused them with
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those of E. stiedai (Rutherford, 1943). The
description of the sporulated oocyst is based
on Pérard (1925b), Carvalho (1943), Pellérdy
(1965, 1974) and Cheissin (1947b, 1967). Oocysts
of E. magna produced large multinucleated
merozoites, which is similar to the endogenous
development seen in E. piriformis, E. stiedai,
and others (Pellérdy, 1953, Pellérdy & Dürr,
1970). Pérard (1925b) originally described this
species as a variety of E. perforans, but E. magna
oocysts are much larger and possess a M. Tyzzer
(1929) hypothesized that when the epithelial
cells of the cecal mucosa of chickens were
infected with coccidia, the cells actively
migrated into the underlying connective tissue.
This opinion was confirmed by Cheissin (1940,
1947a, 1967) using the endogenous stages of E.
magna (and other) species of rabbit eimerians.
He said that infected epithelial cells are pushed
out of the epithelial layer by the new cells
growing in the crypts and submerge into the
tunica propria. Gousseff (1931) measured
oocysts of E. magna that were 31.6 � 18.8
(24e39 � 13e28), with sporocysts 9.0 � 5.6
(6e15 � 4e8). Henry (1932) said that she saw
this eimerian, and three others reported from
the domestic rabbit, in one Black-tailed jack-
rabbit from San Andreas, California, but we
view her report as totally unreliable based on
what we know today. Matsubayashi (1934)
said this species infected mostly young
domestic and wild rabbits in Japan. Morgan
and Waller (1940) said they found E. magna in
S. floridanus in Iowa, that it had ovoidal oocysts
with a conspicuous M, and that the oocysts
measured 34.8 � 24. Ry�savý (1954) said he
found this species in both O. cuniculus and in
L. europaeus in the Czech Republic with oocysts
that were 30.6e45.6 � 19.8e26.7, sporocysts 12
� 7.5, and that these oocysts sporulated in
48e65 hr. He said (1954) the parasite was found
in the “blind gut” (cecum?), but only rarely in
the hares and rabbits they sampled. Gill and
Ray (1960) reported finding E. magna both in
the domestic rabbit and in L. nigricollis (syn. L.

ruficaudatus) collected in Punjab, India. The
measurements they gave for sporulated oocysts
were only for oocysts collected from domestic
rabbits, but they did include one line drawing
of an oocyst from L. nigricollis (syn. L. ruficauda-
tus), with three line drawings of oocysts fromO.
cuniculus, and they are remarkably similar. From
1954e1958, Pastuszko (1963) examined 9,845
rabbits from 17 districts in Poland; these
included 502 rabbits by necropsy and 9,343 fecal
samples tested. She said (1963) she found E.
magna causing coccidiosis in rabbits in Poland;
these oocysts were 35 � 24 (28e40 � 20e27)
(her Table 1). Ryley and Robinson (1976)
measured oocysts from domestic rabbits after
experimental infections designed to study the
endogenous development; their oocysts were
35.9 � 24.1. Mandal (1976) said he recovered
oocysts of this species in L. nigricollis (syn. L.
ruficaudatus) from Punjab, India, with ellipsoidal
to ovoidal oocysts that were 20.3e31.5 �
18e25.5, with an OR, and had ovoidal sporo-
cysts, 15.3e18 � 7e8.8, with a SR. Kasim and
Al-Shawa (1987) measured oocysts that were
ovoidal, 35.4 � 24.2 (29e40 � 21e26.5), L/W
1.5 (1.4e1.5), with a M and an OR, and sporo-
cysts 17.2 � 9.0 (12e20 � 7e11.5), L/W 1.9
(1.8e2.3). Vila-Viçosa and Caeiro (1997)
reported E. magna in both O. cuniculus and L.
capensis in Portugal, with the ovoidal oocysts
from O. cuniculus being 35.6e37.5 � 22.5e24.3.
Oocysts measured by Li et al. (2010) from O.
cuniculus in Taiwan were 36.6 � 27.6 (32e40 �
23e35), with sporocysts 15.2 � 8.8 (11e17 �
8e11).

Cheissin (1947b) said that oocysts appearing
early after experimental infection were smaller
and paler than those discharged later during
patency. Cheissin (1940) said that infections
with one sporulated oocyst produced 6e8 �
105 oocysts. Schrecke and Dürr (1970) found
that 1-day-old rabbits could be infected if
enough oocysts were used. Susceptibility to
infection rose slowly with age until weaning,
when there was a marked increase. They
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thought that this was due mainly to diet-
induced physiological and biochemical proper-
ties of the intestine. Ryley and Robinson (1976)
documented the excystation of sporozoites
from oocysts exposed to CO2 at body tempera-
ture followed by exposure to trypsin and bile.
Leysen et al. (1989) used monoclonal antibodies
(Mabs) to examine surface antigens on SZs of E.
stiedai and E. magna. Five of 106 Mabs raised
against E. magna reacted with the surface of
live SZs and some were able to agglutinate SZs
in suspension. The surface-active Mabs were
specific for the species against which they
were raised and they did not react with SZs of
E. intestinalis, E. flavescens, E. piriformis, or E.
irresidua.

EIMERIA MATSUBAYASHII
TSUNODA, 1952

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: ASIA: Japan.
Other hosts: Lepus sp. (?) (Mandal, 1976).

Geographic distribution: ASIA: India; Japan;
MIDDLE/NEAR EAST: Syria.

Description of sporulated oocyst: Oocyst shape:
broadly ovoidal to ellipsoidal; number of walls:
unknown, but probably 2; wall characteristics:
light-yellow, smooth, of even thickness
throughout except around M, where it increases
in thickness; L � W: 24.8 � 18.3 (22e30 �
14e22); L/W ratio: 1.4; M: present; M character-
istics: described as “prominent” and 2e4 wide
(Gill and Ray, 1960); OR: present; OR character-
istics: 6.2 wide; PG: absent. Distinctive features
of oocyst: large size with prominent M and large
OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 7 � 6; L/W ratio:
1.2; SB: present (according to Gill and Ray,
1960, but not shown in their line drawing);
SSB, PSB: both absent; SR: present (according
to Gill and Ray, 1960, but not shown in their
line drawing); SZ: elongate, broader at one end
than the other, lying head-to-tail in sporocyst,
with one clear RB at the wider end. Distinctive
features of sporocyst: very small size, ovoidal
shape, and very thin walled.

Prevalence: 1/1 (100%) in the type host; Darw-
ish and Golemansky (1991) reported this species
in 9/75 (12%) domestic rabbits from four locali-
ties in Syria.

Sporulation: Exogenous. Oocysts sporulated
within 32e40 hr at 28� C or in 2e3 days (Man-
dal, 1976).

Prepatent and patent periods: Prepatent period
is 7 days.

Site of infection: Upper small intestine,
primarily the ileum, but in a heavy infection
endogenous stages occasionally were found in
the duodenum and also in the posterior half of
the jejunum, but rarely in the cecum, and colon
(Tsunoda, 1952).

Endogenous stages: Both merogony and gam-
ogony were described by Tsunoda (1952), and
Pellérdy (1974) confirmed that the endogenous
development “scarcely differed from the corre-
sponding stages of E. media and E. magna.”

FIGURE 6.14 Line drawing of the sporulated oocyst of
Eimeria matsubayashii from Levine and Ivens, 1972, with
permission from the Journal of Protozoology.
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Cross-transmission: None to date.
Pathology: According to Tsunoda (1952),

heavy infections caused inflammation of the
ileum characterized by diphtheritic enteritis
that resulted in diarrhea in infected hosts.

Material deposited: None.
Remarks: Matsubayashi (1934) said oocysts he

saw (now E. matsubayashii) might be a variant of
E. media, but the shape, smaller size, and pres-
ence of an OR indicated it is a separate species
(Tsunoda, 1952). Cheissin (1967), on the other
hand, thought it was “highly probable” that
this is not a valid species, since the oocysts are
very similar to those of E. intestinalis, while the
endogenous stages resemble those of E. media.
However, Tsunoda (1952) said that cross-
immunity tests he did showed that this species
was different from both E. media and E. magna.
Gill and Ray (1960) said the oocysts they
measured in Indian domestic rabbits were 26.3
� 16.5 (23.5e29.5 � 14.5e19), L/W 1.7. Mandal
(1976) said he recovered oocysts of this species
in Lepus sp. from Kashipur, India, with ellip-
soidal to ovoidal oocysts that were 23.5e29.5 �
14.5e19.3 with an OR and had ovoidal sporo-
cysts, 7 � 6 with a SR. Its validity as a parasite
of Lepus species seems unlikely and needs veri-
fication by cross-transmission and/or molecular
studies.

EIMERIA MEDIA KESSEL &
JANKIEWICZ, 1931

Synonym: Eimeria media Kessel, 1929.
Type host:Oryctolagus cuniculus (L., 1758) (syn.

Lepus cuniculus), European (domestic) rabbit.
Type locality: NORTH AMERICA: USA:

California.
Other hosts: Lepus capensis L., 1758, Cape hare

(?); Lepus nigricollis F. Cuvier, 1823 (syn. L. rufi-
caudatus), Indian hare (?); Lepus timidus L.,
1758, Mountain hare (?); Sylvilagus floridanus
(J.A. Allen, 1890), Eastern cottontail (experi-
mental, Carvalho, 1943).

Geographic distribution: AFRICA (?): Nigeria
(?); ASIA: Azerbaijan (former USSR), China,
India, Japan, Philippines, Taiwan; AUSTRALIA:
New South Wales, Western Australia; EUROPE:
Belgium, Finland, France, Italy, Poland,
Portugal, Sweden (?); MIDDLE/NEAR EAST:
Iran, Iraq, Saudi Arabia, Syria; NORTH AMER-
ICA: USA: California, Illinois (?), Iowa; SOUTH
AMERICA: Brazil.

Description of sporulated oocyst: Oocyst shape:
ovoidal to ellipsoidal; number ofwalls: described
as 1 (Kessel, 1929), but Matsubayashi (1934) said
there were 2; wall characteristics: smooth, deli-
cate pink to a moderately dark orange-pink, or
yellowish to light brown, slightly convex in
region of M; L � W: 31.2 � 18.5 (27e36 �
15e22); L/W ratio: 1.7 (Kessel and Jankiewicz,
1931); M: present; M characteristics: convex,
~3.7 (3e4.5) wide, and protruding with thick-
ening of wall surrounding it; OR: present; OR
characteristics: spheroidal, 5.2 (3e8) wide; PG:
none. Distinctive features of oocyst: convex,
protruding M and large spheroidal OR.

Description of sporocyst and sporozoites:
Sporocyst shape: fusiform or elongate-ovoidal;

FIGURES 6.15, 6.16 Line drawing of the sporulated
oocyst of Eimeria media from Catchpole and Norton, 1979,
with permission from Parasitology. Photomicrograph of
a sporulated oocyst of E. media from Hobbs and Twigg,
1998, with permission from the Australian Veterinary Journal.
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L�W: 15.7� 8.0 (7e16.5� 6e9); L/Wratio: 2.0;
SB: present; SB characteristics: small, flat; SSB,
PSB: both absent; SR: present; SR characteristics:
compact, spheroidal, composed of rough gran-
ules and usually near the sporocyst wall, 2.7
(1e3) wide; SZ: appear to lie end-to-end (line
drawing). Distinctive features of sporocyst: fusi-
form shape with small, flat SB, and distinct SR.

Prevalence: Kessel and Jankiewicz (1931)
reported E. media in ~12% of > 2,000 rabbits
and Lund (1950) found it in 48/1,200 domestic
rabbits, both in California. Mykytowycz (1956,
1962), who did a 35-mo study in a free-living
population of wild rabbits on an experimental
enclosure in Australia, found that the average
level of infection fluctuated markedly with the
season, but he was unable to find a satisfactory
explanation for the fluctuation; E. media was
one of the least common species that he found
in rabbits of all ages. Niak (1967) found it in
6/84 (7%) rabbits from four rabbitries in Iran.
Mirza (1970) found it in 14/31 (45%) domestic
rabbits in Iraq. Stodart (1971) examined 656
wild O. cuniculus in New South Wales, eastern
Australia, and found 625 (95.3%) to be infected
with seven eimerians based on their sporulated
oocysts, but she lumped E. media and E. stiedai
together and said that 387/656 (59%) were
infected with this mixture (also see Stodart,
1968a, b). Peeters et al. (1981) found it in 393/
770 (51%) fecal samples from commercial rabbit-
ries and in ~200/282 (71%) sick rabbits in tradi-
tional rabbitries in Belgium. Veisov (1982)
examined 3,150 rabbits from three different
areas/districts of the Cuba-Khachmazskoy
zone in Azerbaijan and found 2,905 (81%)
infected with nine species of Eimeria, including
E. media; however, we were not able to deter-
mine how many of the rabbits examined
harbored this species. Ryan et al. (1986) reported
E. media in 1/1 (100%) S. floridanus in Illinois.
Santos and Lima (1987) first documented E.
media in Brazil, and Santos-Mundin and Barbon
(1990) reported it in 125/375 (33%) rabbits in
Minas Gerais, Brazil. Ogedengbe (1991), in an

unpublished Master’s thesis, said he found
this species in 59% of the rabbits surveyed in
Kaduna State, Nigeria. However, he (1991)
neglected to state how many rabbits were
surveyed, nor did he mention the host species;
Anonymous (2012) listed the Cape hare, L.
capensis, as the only lagomorph species found
in Nigeria. Darwish and Golemansky (1991)
found E. media in 5/75 (7%) domestic rabbits
from four localities in Syria. Polozowski (1993)
examined feces from 246 rabbits in six farm
rabbitries in the Wroclaw District of Poland
and found 154 (63%) infected with E. media;
139/154 (90%) infected rabbits were < 3-mo-
old, 9/154 (6%) were 4e12-mo-old, 5/154 (3%)
were 13e24-mo-old, while only 1/154 (<1%)
was > 24-mo-old. Hobbs and Twigg (1998)
examined fresh fecal samples fromwildO. cuni-
culus in Western Australia and found 536/1,200
(48%) to harbor E. media; 50 sporulated, ellip-
soidal oocysts they measured were 29.1 � 17.2
(23e34 � 14e20), with sporocysts 13.9 � 7.1
(11e16 � 6e9). Grès et al. (2003) found E. media
in 29e69% of 254 wild rabbits sampled from six
different localities in France. They identified 10
eimerians from these 254 rabbits and, appar-
ently, 100% were infected with one or more of
these 10 eimerians. Unfortunately, they did not
specifically mention how many individuals
were infected with which multiple species vs.
those with single species infections. Yakhchali
and Tehrani (2007) found this species in 36/
436 (8%) New Zealand white rabbits from two
rabbitries in northwestern Iran. Razavi et al.
(2010) found E. media in 10/71 (14%) wild
rabbits in southern Iran; their oocysts were
29.7 � 18.3 (19e36 � 14e22), L/W 1.6, with
a M and with an OR, 6.2 (5e7) wide, and sporo-
cyst were 13.1 � 6.9 (9.5e17 � 5e7). Li et al.
(2010) reported E. media in 158/642 (25%) O.
cuniculus from pet shops (98/642) and farms
(60/342) in 11 districts on the island of Taiwan.

Sporulation: Exogenous. Oocysts sporulated
within 40e52 hr (Kessel and Jankiewicz, 1931);
44 hr (Gill and Ray, 1960); 52 (42e58) hr
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(Carvalho, 1943); 2e3 days (Cheissin, 1967) in
2% (w/v) K2Cr2O7 solution; 44 hr (Mandal,
1976); 36e60 hr at 18e20�C (Pastuszko, 1963);
or 48 hr at 27�C in 2% (w/v) K2Cr2O7 solution
(Kasim and Al-Shawa, 1987); Razavi et al.
(2010) saw sporulation in 36 hr in 2.5% (w/v)
K2Cr2O7 at 25e28�C; Li et al. (2010) said that
sporulation occurred in 10e36 hr in 2.5% (w/
v) K2Cr2O7 at 25

�C.
Prepatent and patent periods: The prepatent

period is 5e6 days (Pellérdy and Babos, 1953),
or 6e7 days (Carvalho, 1943), while the patent
period is 6e10 days (Cheissin, 1940, 1967) or
15e18 days (Carvalho, 1943).

Site of infection: Most endogenous develop-
ment occurs in the duodenum and the upper
part of the small intestine, but sometimes the
endogenous stages are found as far as the
middle of the small intestine. Rutherford
(1943) said endogenous stages could be found
“throughout the entire small intestine.” Pakandl
et al. (1996b) said the entire development
occurred in the duodenum and jejunum, with
a few stages seen in the ileum. Within infected
epithelial cells the developing stages are found
either above or below the HCN in the epithelial
cells of the intestinal villi (Cheissin, 1967). Pel-
lérdy and Babos (1953) said they found gamonts
in the epithelium of the large intestine and
appendix (but this likely was a double infection
with E. media and E. coecicola because stages of E.
media have never been confirmed in the large
intestine by other authors: Cheissin, 1967; Pak-
andl, 1988; Coudert, 1989; Coudert et al., 1995;
Pakandl et al., 1996b). Only merogony occurs
in the epithelium, while gamogony, fertilization,
and oocyst formation take place in the subepi-
thelium with all stages in the distal region of
the villi according to Cheissin (1967), while Pak-
andl et al. (1996c) found all developmental
stages in endothelial cells of the wall and tips
of the villi, but none in the crypts or subepithe-
lium. The meronts and gamonts of this species
also are reported to localize above the HCN in
the epithelial cells they occupy.

Endogenous stages: Rutherford (1943), Pellérdy
and Babos (1953), Cheissin (1967), and Pakandl
et al. (1996c) described the life cycle of this
species. There are three merogonous stages
according to both Cheissin (1967) and Pakandl
et al. (1996c), with the first and second-
generation meronts situated along the entire
villus, while third-generation meronts are found
at the distal end of the villus. Mature first-
generation meronts (presumably Type A)
appeared on days 2e3 PI, were 12e16 wide,
and contained 6e11 merozoites (Cheissin,
1967); Pakandl et al. (1996c) found Type A mer-
onts, but did not measure them or count merozo-
ites. Pakandl et al. (1996c) found first-generation
Type B meronts at 24 hr PI to contain 8e20 mero-
zoites. On day 4 PI, ovoidal Type A first-
generation meronts formed, were 9e12 long,
and contained 2e18 merozoites, 7e10 long
(Cheissin, 1967). Pakandl et al. (1996c) found
second-generation meronts at 40 hr PI and said
that Type A had 2e6 merozoites and Type B
had 10e20 merozoites. According to Cheissin
(1967), third-generation meronts on days 4e6
PI were 18e25 in size, and formed 35e130 mero-
zoites, each 6e7 � 1e1.5; Pakandl et al. (1996c)
reported third-generation meronts at 76 hr PI
and said Type A meronts had 2e6 merozoites
and Type B had 10e40 merozoites. Rutherford
(1943) said that nuclear division of the first-
generationmeronts began 2 days PI andmerozo-
ites appeared at day 4 PI. He said there were two
types of first-generation meronts, Type A, which
produced 2e10 merozoites, 6 � 1.5, and Type B,
which produced 12e36 merozoites, 5 � 1; he
(1943) also identified two types of second-
generation meronts that he found by day 6 PI:
Type A, ~7 � 6, that produced 2e8 merozoites,
each 8 � 2, and Type B, 17 � 10, that produced
an unspecified number of merozoites that were
~4 � 1. At the time of his work (Rutherford,
1943), there were only four eimerians known to
infect rabbits, and he may have assumed that
they all had similar life cycles; thus, he missed
the third asexual generation. Later, Pakandl
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et al. (1996c) confirmed that E. media had three
asexual generations and that “two types of mer-
onts were observed in each generation.” Their
Type A meronts gave rise to large polynucleated
merozoites that multiplied by endomerogony;
these were always present in small numbers
and their Type B meronts, which were more
slender and numerous than Type A, produced
multiple merozoites via ectomerogony. These
authors (1996c), along with Rutherford (1943)
and Streun et al. (1979), suggested that Type A
meronts seem to be male and Type B meronts
were female.

Gamonts were found at the distal end of the
villus and they also penetrated into the connec-
tive tissue of the villi. Cheissin (1967) said
gamogony began on days 4e6 PI and microga-
metocytes measured 15e25 � 9e17. Rutherford
(1943) said that both macro- and microgamonts
appeared 5e6 days PI; the latter were sphe-
roidal, ~17 wide, and produced microgametes,
~2 long, each with two flagella and
macrogametes that were about 25 � 14 before
fertilization. Pakandl et al. (1996c) found the
first gamonts at day 4 PI (96 hr).

Cross-transmission: Kessel and Jankiewicz
(1931) were unable to infect the domestic
chicken or guinea pig. Carvalho (1943) trans-
mitted this species from the domestic rabbit to
the cottontail, S. floridanus. Pellérdy (1954a)
was not able to infect the hare, L. europaeus,
with this species isolated from the domestic
rabbit. Burgaz (1973) said she was able to trans-
mit E. media oocysts from L. timidus to O. cunicu-
lus, but her paper must be viewed with caution
because she did not give specific information
regarding how she identified the coccidian
species, nor did she detail the procedures
regarding whether or not the hosts were
infected prior to inoculation. We think it likely
that she was dealing with another eimerian
from Lepus (either E. robertsoni or E. europaea).

Pathology: This species is moderately to very
pathogenic. Pellérdy and Babos (1953) found
that feeding 50,000 oocysts to young, susceptible

rabbits generally caused fatal coccidiosis char-
acterized by severe enteritis with destruction
and sloughing of the intestinal epithelium. In
fatal cases, the cecum, and especially the vermi-
form process, was markedly swollen and thick-
ened, with masses of coccidia stages in it; the
cecum became grayish-white, with conspicuous
dark red blood vessels. The rest of the cecum
and large intestine contain grayish white
nodules on the mucosa and these nodules
tended to coalesce. If enough nodules were
present, the mucosa of both the large and small
intestines became swollen, catarrhal, and
inflamed, with an adhesive yellowish mucous
exudate; occasionally there were patches of
petechial hemorrhages in the hyperemic
mucosa. Sanyal and Srivastava (1988) found no
clinical symptoms evident in rabbits experimen-
tally infected with 102, 103, and 104 E. media
oocysts, whereas doses of 105 and 106 oocysts
resulted in anorexia, depression, weight loss,
and diarrhea, and mortality reached 25% and
50% in these two groups, respectively. On the
other hand, Coudert (1976) found that weight
gains were reduced or there was weight loss,
in rabbits inoculated with 500,000 oocysts, and
food intake was reduced on days 2e5 and 7e9
PI; five of 24 rabbits had slight diarrhea on day
5 PI, but there were (apparently) no deaths.

Material deposited: None.
Remarks: Kessel (1929) first named this

species as new, said it was limited to the intes-
tine, and gave only oocyst length and width
measurements in an abstract of a paper he pre-
sented at the 5th Annual Meeting of the Amer-
ican Society of Parasitologists, Des Moines,
Iowa. Unfortunately, the “description” was
woefully inadequate by any measure, it was
not accompanied by an illustration, and new
species cannot be named in abstracts according
to the International Code of Zoological Nomencla-
ture (see Ride et al., 2000), which must be
applied retroactively. Thus, the name became
a species inquirenda and the authority for this
name used by subsequent authors (e.g.,
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Pellérdy, 1974 and others, who cite Eimeria
magna Kessel, 1929) is incorrect. It was not until
Kessel and Jankiewicz (1931) (re)named it as
new, described the sporulated oocyst (but not
the sporocysts), and added a line drawing that
the name should be considered valid (as used
above). In their description they said that the
oocysts of this species were intermediate in
size between those of E. perforans and E. magna
and so named it E. media (Kessel and Jankiewicz,
1931). Oocysts of E. media also resemble those of
E. stiedai in shape and color, but differ by being
smaller, by having a M that is more protruded
(convex), by developing in the intestines instead
of the liver, and by possessing an OR. Henry
(1932) said that she found oocysts of what she
thought was probably E. media in a jack rabbit,
L. californicus, in California, but she did not
describe the oocysts and provided no data to
support her identification. Hegner and Chu
(1930), in the Philippines, found oocysts (their
Type 3, Figs. 1e3; also see Madsen, 1938) that
likely were E. media; their oocysts were 31 � 19
(L/W, 1.6). Matsubayashi (1934) said this
species infected mostly young domestic and
wild rabbits in Japan. Chang (1935) mentioned
various coccidia from laboratory rabbits, one
of whichwas probably E. media (Chang’s Eimeria
sp., p. 155, Fig. 8; also see Madsen, 1938), the
oocysts of which were 34.9 � 20.4 with L/W
1.7. Matschoulsky (1941) said he found oocysts
that resembled E. media in L. timidus from
Buryat-Mongol (former USSR) and that the
ovoidal to ellipsoidal oocysts had a M ~5e6
wide, and were 28.5 � 17.5 (28e29 �
16.5e18.5), with sporocysts 10 � 7. Lampio
(1946) reported this species in Finland from
the European hare, but gave no other informa-
tion. Ecke and Yeatter (1956) reported what
they called E. media from 3/32 (9%) cottontails,
S. floridanus, in Illinois, but we think it is much
more likely they were probably observing E.
honessi. Gill and Ray (1960) reported oocysts in
the rectal contents of an unspecified number
of Indian field hares, L. nigricollis (syn. L.

ruficaudatus), which they said were structurally
indistinguishable from those of E. media; the
oocysts they measured were 30.5 � 18.0
(25e37 � 16e20), but they carried out no
cross-transmission experiments, and we feel
that both they and Henry (1932) were dealing
with another eimerian species limited to Lepus.
Pastuszko (1963) examined 9,845 rabbits from
17 districts in Poland from 1954e1958; these
included 502 rabbits by necropsy and 9,343 fecal
samples tested. She said (1963) that she found
this species causing coccidiosis in rabbits in
Poland, and the oocysts she measured were
31.2 � 18.8 (27e36 � 15e22) (her Table 1).
Schrecke and Dürr (1970) found that 1-day-old
rabbits could be infected if “enough oocysts”
were used. Susceptibility to infection rose
slowly with age until weaning, when there
was a marked increase in susceptibility. They
thought this was due mainly to diet-induced
physiological and biochemical properties of
the intestine. Mandal (1976) said he recovered
oocysts of E. media in Lepus sp. from Punjab,
India, with ovoidal oocysts that were 25e37 �
16e20, with an OR, and ovoidal sporocysts,
14e15 � 9e10, with a SR. Pakandl (1986b)
described two morphological types of oocysts
from the domestic rabbit that he called E. media,
but later (Pakandl, 1988) described the second
form as E. vejdovskyi (see species description
below). Still later, Pakandl et al. (1996b) said,
“the description of the life cycle of E. media
given by Pakandl (i.e., E. vejdovskyi according
to Pakandl, 1988) corresponds to the last two
generations [of E. media] ..” Kasim and Al-
Shawa (1987) examined 263 adult domestic
rabbits from three regions in Saudia Arabia
from 1984e1985, and found 133 (51%) to be
infected with E. media. Their (1987) oocysts
were ovoidal to ellipsoidal, 30.0 � 18.7
(25.5e34 � 15e22), L/W 1.6 (1.4e1.8), with
a M and an OR, and sporocysts 12.9 � 6.6
(9e16 � 5e8.5), L/W 2.0 (1.8e2.3). Vila-Viçosa
and Caeiro (1997) reported this species in both
O. cuniculus and L. capensis in Portugal, with
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the ellipsoid oocysts from O. cuniculus being
30e31.8� 15.7e16.8. Grés et al. (2003) examined
254 wild rabbits from six localities in France and
this is one of 10 species they identified. Oocysts
measured by Li et al. (2010) from O. cuniculus in
Taiwan were 20.3 � 18.3 (22e35 � 16e21) with
sporocysts 13.8 � 7.6 (8e17 � 5e11).

Licois et al. (1992a) developed a precocious
strain of E. media by selecting the earliest oocysts
discharged after an infection, sporulating them,
and reinoculating into “clean” rabbits for 12
such passages. This reduced the prepatent
period from about 144 hr (6 days) to 72 hr (3
days). The precocious line was less pathogenic
than the parent strain, a mixture of E. media
oocysts from five wild strains isolated in France,
Guadeloupe, Balearic Isles, Ivory Coast and
Poland by the authors (Licois et al., 1992a),
and its “multiplication rate” (oocysts inoculated
vs. oocysts discharged) was lower. Rabbits
infected with oocysts of the precocious line
were immunized to challenge with the wild
strain, as measured by weight gain, although
some oocysts were discharged, showing they
were not totally protected. Minor morphological
changes were noted in the sporulated oocysts of
the precocious strain in that SZ contained one
large RB rather than the two smaller RBs in
the SZ from the parent strain. Pakandl et al.
(1996b) also developed a precocious strain of
E. media and said it was characterized by lacking
the third merogonus stage. They also found that
sporulated oocysts produced by the precocious
line had a “complete absence of the refractile
body,” presumably within the SZ. Its validity
as a parasite of Lepus species is doubtful and
needs to be verified by cross-transmission
and/or molecular studies.

EIMERIA NAGPURENSIS GILL &
RAY, 1960

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: ASIA: India: Nagpur,
Mukteswar.

Other hosts: Lepus sp. (?) (Mandal, 1976).
Geographicdistribution:ASIA:Azerbaijan (former

USSR), India; MIDDLE/NEAR EAST: Iran.
Description of sporulated oocyst: Oocyst shape:

barrel-shaped, longitudinal sides parallel at
least in the middle third; number of walls: 1;
wall characteristics: thin, but prominent and of
equal thickness throughout, and colorless or
with slight yellow tint; L �W: 23e13 (20e27 �
10e15); L/W ratio: 1.8; M, OR, PG: all absent.
Distinctive features of oocyst: parallel sides of
oocyst and absence of M, OR and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: “oat-shaped” (¼ elongate spindle-
shape), with one end sharply pointed while
the other end is rounded (line drawing); L �
W: 15� 5; L/Wratio: 3.0; SB: present; SB charac-
teristics: sharply pointed; SSB, PSB: both absent;
SR: present; SR characteristics: granular; SZ:
elongate; 12.5 � 2, small RB, 1.75 wide at wider

FIGURE 6.17 Line drawing of the sporulated oocyst of
Eimeria nagpurensis from Gill and Ray, 1960, with permission
from Springer Science and Business Media, copyright
holders for the Proceedings of the Zoological Society (super-
sedes Proceedings of the Zoological Society of Calcutta).
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end, with centrally located N. Distinctive
features of sporocyst: spindle-shape, high L/W
ratio, sharply pointed SB.

Prevalence: Niak (1967) found this species in
2/84 (2%) rabbits from four rabbitries in Iran.
Veisov (1982) examined 3,150 rabbits from three
different areas/districts of the Cuba-
Khachmazskoy zone in Azerbaijan and found
2,905 (81%) infectedwith nine species of Eimeria,
including E. nagpurensis; however, we were not
able to determine how many of the rabbits
examined harbored this species.

Sporulation: Exogenous. Oocysts sporulated
in 2.5% (w/v) potassium dichromate solution
at 28�C or in 2e3 days (Mandal, 1976).

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts collected

from feces.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Gill and Ray (1960) reported

finding this species in domestic rabbits, but
they did not mention how many rabbits were
examined or what the prevalence was. Martı́-
nez Fernández et al. (1969) thought that the
oocysts of this species were morphologically
identical to those of E. perforans, yet they agreed
to regard E. nagpurensis as a valid species until
unequivocal proof for, or against, its indepen-
dence emerged from future studies. We think
the oocysts, and especially the sporocysts, of
E. nagpurensis are sufficiently different in shape
and size from other rabbit coccidia to warrant
its status as a separate species. Mandal (1976)
said he recovered oocysts of this species in
a Lepus sp. from Maharashtra, India, but he
did not add any new descriptive information
and just repeated the measurements given in
the original description by Gill and Ray
(1960). Later, Mandal (1987) again repeated
only the descriptive parameters of Gill and
Ray (1960), listed the type host as O. cuniculus,
and stated that there were no other hosts

known for E. nagpurensis (contradicting his
1976 report of finding it in a Lepus sp.).

EIMERIA NEOLEPORIS
CARVALHO, 1942 (FIGURE 7.14)

Synonyms: E. leporisNieschulz of Morgan and
Waller, 1940, and Waller and Morgan, 1941; E.
neoleporis Carvalho, 1943 of Gill and Ray, 1960
(lapsus calami); non E. neoleporis Nieschulz,
1923; non E. neoleporis Carvalho of Pellérdy,
1954a, 1965.

Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Remarks: Eimeria neoleporis was originally
described from the Eastern cottontail rabbit in
Iowa, USA (Carvalho, 1942), but it has been
transmitted many times toO. cuniculus (see Car-
valho, 1943). Mandal (1976) said he recovered
oocysts of this species in Lepus sp. from Punjab,
India, with ellipsoidal oocysts that were 30e54
� 16e22, without an OR, and had ovoidal
sporocysts, 16.5 � 8, with a SR. Later, Mandal
(1987) copied Carvalho’s (1942) line drawing,
gave the same size ranges for oocysts and sporo-
cysts, listed the type host as O. cuniculus, and
listed no other hosts known for E. neoleporis
(contradicting his 1976 report of finding it in
a Lepus sp.). Vila-Viçosa and Caeiro (1997)
reported this species only in O. cuniculus (but
not in L. capensis; see their Table XIII) in
Portugal, with the ellipsoid oocysts from O.
cuniculus being 37.5e43.1 � 14.2e16.8. See
Chapter 7 for complete description of E.
neoleporis.

EIMERIA ORYCTOLAGI RAY &
BANIK, 1965b

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: ASIA: India: Calcutta.
Other hosts: None reported to date.
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Geographic distribution: ASIA: India.
Description of sporulated oocyst: Oocyst shape:

ovoidal to ellipsoidal; number of walls:
described as 2, but only 1 in the original line
drawing; wall characteristics: outer is slightly
greenish and inner is pale orange; L � W (N ¼
100): 38.7 � 19.1 (28.5e47 � 12.5e28.5); L/W
ratio: 2.0; M: present; M characteristics: thin,
4.5 wide; OR: present; OR characteristics: gran-
ular, ~6.0 wide; PG: absent. Distinctive features
of oocyst: high L/W ratio, with distinct M and
large OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: piriform to ellipsoidal; L �W: 10 �
6 (8e14 � 4e8); L/W ratio: 1.7; SB: present at
narrow end; SSB, PSB: both absent; SR: present;
SR characteristics: compact mass of granules,
3e4.5; SZ: elongated, tapering at one end,
~10.5 long. Distinctive features of sporocyst:
piriform shape with SB and compact OR of
many granules.

Prevalence: Unknown.
Sporulation: Exogenous. Oocysts sporulated

within 32e48 hr at 31�C.

Prepatent and patent periods: Unknown.
Site of infection: Presumed to be the intestine.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: This species was first named and

partially described by Ray and Banik (1965a)
in an abstract at a meeting in India, without
photomicrographs or line drawings; thus, it
was initially a species inquirenda. Later that
year, it was described, minimally, in the Indian
Journal of Animal Health, with a line drawing
(Ray and Banik, 1965b), but it has not been
observed since its original description(s). In
the paper by Ray and Banik (1965b), their
description of the oocysts said, “it measures
28e46 microns in length, (average 8.5 microns)”
(sic). Mandal (1976) included this species in his
account of the coccidia of Indian vertebrates
and said, “Type specimen was examined and
described. No noticeable differences are
found,” though it is impossible to tell how he
examined and measured oocysts from the
“type” sample 11 years later. He (1976, p. 97)
said the oocysts were 38.7 � 10.1 (sic) (29e47
� 13e29). Later, Mandal (1987, p. 300) corrected
the oocyst width to 19.1. Oocysts of E. oryctolagi
are quite similar to those of E. coecicola (see
above). It also resembles E. neoleporis, described
from the Eastern cottontail, S. floridanus, except
that it possesses a large OR, which is absent in
sporulated oocysts of E. neoleporis (see Chapter
7). Pellérdy (1974) said, “not only does the val-
idity of this E. neoleporis-like species seem ques-
tionable, but also its being a parasite of the
domestic rabbit at all,” but Mandal (1987)
argued, “E. oryctolagi can be treated as a distinct
species of domestic rabbit till further studies”
(sic). Since it has not been seen in nearly 50
years, and since no cross-infections have been
performed, the question of its validity remains
until it is found again and its molecular signa-
ture is compared to other closely related species
to which it is so similar.

FIGURE 6.18 Line drawing of the sporulated oocyst of
Eimeria oryctolagi Ray and Banik, 1965b, from the Indian

Journal of Health.
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EIMERIA PERFORANS
(LEUCKART, 1879) SLUITER &

SWELLENGREBEL, 1912

Synonym: Coccidium cuniculi Rivolta, 1878;
Coccidium perforans Leuckart, 1879; Eimeria
nana Marotel and Guilhon, 1941; Eimeria lugdu-
numensis Marotel and Guilhon, 1942.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: EUROPE: Germany (?).
Other hosts: Lepus californicus Gray, 1837,

Blacktailed jack rabbit (?); Lepus capensis L.,
1758, Cape hare (?); Lepus europaeus Pallas,
1778, European hare (?); Lepus timidus L., 1758,
Mountain hare (?); Sylvilagus brasiliensis (L.,
1758), Tapeti; Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail (experimentally).

Geographic distribution: AFRICA (?): Nigeria
(?); ASIA: Azerbaijan (former USSR), China,
India, Japan, Philippines, Taiwan; AUSTRALIA:
New South Wales, Western Australia; EUROPE:
Belgium, Czech Republic, England, Finland,

France, Germany, Italy, Poland, Portugal;
MIDDLE/NEAR EAST: Iran, Iraq, Saudia Ara-
bia, Syria, Turkey; NORTH AMERICA: USA:
California, Iowa; SOUTH AMERICA: Brazil.

Description of sporulated oocyst: Oocyst shape:
highly polymorphic, being described as ovoidal,
ellipsoidal, cylindroidal, or subspheroidal by
different authors, or ellipsoidal, but not ovoidal,
according to Kessel and Jankiewicz (1931);
number of walls: 2; wall characteristics: smooth,
delicate pink to a moderately dark orange-pink,
or yellowish to light-brown; the larger the
oocyst, the more clearly one can see the thick-
ening in the external wall around the M, which
is less conspicuous in this species than in any
other rabbit species (Kessel and Jankiewicz,
1931); L � W: 23 � 14 (15e31 � 11e20); L/W
ratio: 1.6; M: sometimes present (?) or absent;
M characteristics: cryptic, rarely visible in
smaller oocysts during routine examination;
OR: present; OR characteristics: spheroidal, 3.0
(1e5) wide; PG: absent. Distinctive features of
oocyst: highly variable shape and cryptic M
being visible only in larger oocysts.

Description of sporocyst and sporozoites: Sporo-
cyst shape: fusiform to elongate-ellipsoidal,
slightly pointed at one end; L � W: 8 � 4
(5.5e9 � 3.5e5); L/W ratio: 2; SB: present at
pointed end; SB characteristics: small; SSB,
PSB: both absent; SR: present; SR characteristics:
small, granular, ~1e1.5; SZ: appear to lie end-to-
end (line drawing), with one end broader than
the other and with one clear RB at large end.
Distinctive features of sporocyst: none.

Prevalence: Kessel and Jankiewicz (1931)
found this species in ~600/2,000 (30%) rabbits
in California. Lund (1950) found it in 24/1,200
(2%) domestic rabbits in southern California.
Mykytowycz (1956, 1962) conducted a 35-mo
study in a free-living population of wild rabbits
on an experimental enclosure in Australia, and
found that, once established within the popula-
tion, E. perforans was highly persistent and
tended to maintain a high level of infection
regardless of the season. It was one of the

FIGURES 6.19, 6.20 Line drawing of the sporulated
oocyst of Eimeria perforans from Carvalho, 1943, with
permission from John Wiley & Sons Ltd. (current rights
owner of the Iowa State College Journal of Science). Photomi-
crograph of a sporulated oocyst of E. perforans from Hobbs
and Twigg, 1998, with permission from the Australian
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most common species that he encountered and
he found it just as often in older rabbits as in
young ones. Francalancia and Manfredini
(1967) found it in 88/100 (88%) outbreaks of
coccidiosis on different farms in the district of
Venice, Italy; they also found E. exigua, E. intesti-
nalis, E. irresidua, E. magna, E. media, and E. stie-
dai, but failed to say what percentage of their
rabbits were infected with the other species; in
the same year, Niak (1967) reported E. perforans
in 4/84 (5%) rabbits from four rabbitries in Iran.
Mirza (1970) found it in 17/31 (55%) rabbits in
Iraq. Stodart (1971) found it in 505/656 (77%)
rabbits in New South Wales, Australia (also
see Stodart 1968a, b). Peeters et al. (1981) found
it in 470/770 (61%) fecal samples from commer-
cial rabbitries and 231/282 (79%) sick rabbits in
traditional rabbitries in Belgium. Veisov (1982)
examined 3,150 rabbits from three different
areas/districts of the Cuba-Khachmazskoy
zone in Azerbaijan and found 2,905 (81%)
infected with nine species of Eimeria, including
E. perforans; however, we were not able to deter-
mine howmany of the infected rabbits harbored
this species. Kasim and Al-Shawa (1987) exam-
ined 263 adult domestic rabbits from three
regions in Saudia Arabia from 1984e1985, and
reported 162 (62%) to be infected with E. perfo-
rans. Santos and Lima (1987) first documented
this species in Brazil, and Santos-Mundin and
Barbon (1990) reported it in 100/375 (27%)
rabbits in Minas Gerais, Brazil. Ogedengbe
(1991), in an unpublished Master’s thesis, said
he found this species in 30% of the rabbits
surveyed in Kaduna State, Nigeria. However,
he (1991) neglected to state how many rabbits
were surveyed, nor did he mention the host
species; Anonymous (2012) listed the Cape
hare, L. capensis, as the only lagomorph species
found in Nigeria. Darwish and Golemansky
(1991) found this species in 45/75 (60%)
domestic rabbits from four localities in Syria.
Polozowski (1993) examined feces from 246
rabbits in six farm rabbitries in the Wroclaw
District of Poland and found 208 (84.5%)

infected with this species; 174/208 (84%)
infected rabbits were < 3-mo-old, 10/208 (5%)
were 4e12-mo-old, 20/208 (10%) were 13e24-
mo-old, while only 4/208 (2%) were > 24-mo-
old. Hobbs and Twigg (1998) examined fresh
fecal samples from wild O. cuniculus in Western
Australia and found 1010/1,200 (84%) to harbor
E. perforans; 50 of their sporulated, ellipsoidal
oocysts were 22.3 � 14.1 (17e38 � 11.5e17),
with sporocysts 10.5 � 5.7 (8e14 � 5e7). Grès
et al. (2003) found E. perforans in all 254 wild
rabbits sampled from six different localities in
France. They identified 10 eimerians from these
254 rabbits and E. perforans, along with E. flaves-
cens, apparently was found in all 254. Unfortu-
nately, they did not specifically mention how
many individuals were infected with multiple
species vs. those with single species infections.
Yakhchali and Tehrani (2007) found this species
in 28/436 (6%) New Zealand white rabbits from
two rabbitries in northwestern Iran. Razavi et al.
(2010) found E. perforans in 13/71 (18%) wild
rabbits in southern Iran; their oocysts were
21.3 � 14.1 (14e29 � 12e22), L/W 1.5, without
a M, but with an OR, 4.2 (4e5) wide, and sporo-
cysts were 8.5� 4.7 (5e10� 4e6). Li et al. (2010)
reported E. perforans in 58/642 (9%) O. cuniculus
from pet shops (31/642) and farms (27/342) in
11 districts on the island of Taiwan. Oncel
et al. (2011) reported this species in 10/10
(100%) dead kids (2e3-mo-old) from a commer-
cial rabbitry in Kocaeli, Turkey; their ellipsoidal
oocysts lacked a M, but had an OR and were
23.2 � 15.8 (18e28 � 13e18). Prevalence rates
from 13% to 80% were reported from domesti-
cated rabbits in various other regions in Turkey
(Merdivenci, 1963; Tasan and Özer, 1989;
Çetinda�g and Biyiko�glu, 1997; Karaer, 2001).

Sporulation: At least 30 hr, but up to 46 hr
(Kessel and Jankiewicz, 1931); 40 hr (Matsu-
bayashi, 1934); 30e55 hr (Carvalho, 1943); 1e2
days (Cheissin, 1967); 46 hr at 18�C, 30 hr at
22�C, and 21 hr at 26�C (Coudert et al., 1979);
24 hr at 27�C in 2% (w/v) K2Cr2O7 solution
(Kasim and Al-Shawa, 1987); Razavi et al.
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(2010) saw sporulation in 36 hr in 2.5% (w/v)
K2Cr2O7 at 25e28�C; Li et al. (2010) said sporu-
lation occurred in 12e36 hr in 2.5% (w/v)
K2Cr2O7 at 25

�C.
Prepatent and patent periods: Prepatent period

is 5e6 days (Rutherford, 1943; Martı́nez Fernán-
dez et al., 1969, 1970) or 4e5 days (Carvalho,
1943), while the patent period is 12e24 days
(Carvalho, 1943), 6e7 days (Cheissin, 1940,
1967), or 29e32 days (Martı́nez Fernández
et al., 1969, 1970). The latter said that 95% of
the oocysts were eliminated during the first 7
days in primary infections and 84% during the
first 7 days when reinfected.

Site of infection: Endogenous stages were
reported in the epithelial cells of the villi and
crypts in the middle part of the small intestine,
but some stages also were found from the
duodenum to the lower part of the small intes-
tine. However, Cheissin (1967, p. 115) said,
“The endogenous stages (of E. perforans)
develop near the bottom of the crypts of the
large intestine.” The meronts and gamonts of
this species also were reported to localize either
above or below the HCN in the epithelial cells of
the intestine. Streun et al. (1979) described the
endogenous stages in the life cycle of E. perforans
in SPF rabbits starting with a pure strain of E.
perforans derived from a single oocyst. They
found the endogenous stages in epithelial cells
of the villi of the duodenum and also in the
jejunum and ileum, but not in the large intestine.

Endogenous stages: Matsubayashi (1934)
found meronts in the epithelium of the intestine
and said that each had > 100 merozoites. The
actual number of meronts has not been deter-
mined exactly, but there may be two or four or
some combination thereof. The life cycle was
first described by Rutherford (1943), but his
description may be more confusing than help-
ful. He said that the SZs rounded up and
entered the host cells within 12 hr after inocula-
tion. The SZs became first-generation meronts,
which formed merozoites 3e4 days PI. These
first-generation meronts (Rutherford, 1943)

were designated Type A and Type B. Type A
first-generation meronts (he called them
“pockets”) were 6e10 wide, with 4e8 merozo-
ites that were 7 � 1.5 when formed, blunt at
both ends, and had a delicate N surrounded
by a clear area and were nearer to one end
than the other. These merozoites entered other
epithelial cells to form second-generation mer-
onts which, in turn, produced 4e8 Type Amero-
zoites that were crescent-shaped, with a large,
central N surrounded by a clear area. These
merozoites, he said, continued the endogenous
cycle, forming new meronts. Rutherford (1943)
first saw Type B meronts on day 3 PI. By day 4
PI, 8e24 merozoites were present, each ~4 � 1,
in a meront “pocket,” 7e8 � 4e6; most of these
merozoites were pointed at both ends, with
a central N. Rutherford (1943) believed that
Type A first-generation merozoites gave rise to
Type A second-generation meronts andmerozo-
ites and then microgamonts, while first-
generation Type B merozoites gave rise to
second-generation Type B meronts and merozo-
ites and then to macrogamonts, but he gave no
evidence for this idea. He said it took 4 days
PI for Type A merozoites to mature and 1 day
for Type B merozoites to mature. He also said
that it took 5 days for E. perforans to complete
its life cycle. His interpretations do not agree
with those of Scholtyseck and his co-workers
(below), or with those of Cheissin (1967), or
with those of Streun et al. (1979), none of
whom mentioned Types A and B meronts/
merozoites in E. perforans. According to Cheissin
(1967) first-generation meronts appeared on
days 3e4 PI; they were 13e14 long and formed
50e120 narrow merozoites, which were 7e9 �
0.5. What may be small second-generation mer-
onts measured 5e10 wide and had 4e8 merozo-
ites that were 4e5 � 1. Streun et al. (1979) found
first-generation meronts 12e60 hr PI and
second-generation meronts 72e84 hr PI. At
each time interval they reported two types of
meronts: (1) meronts with 16e36 small,
mononucleated merozoites produced by
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ectomerogony; and (2) meronts with 2e12 large
multinucleated merozoites produced by endo-
merogony. They considered the first group of
meronts to be female and the second group to
be male, but gave no convincing evidence for
that view.

Scholtyseck and Spiecker (1964) described
the fine structure of all stages of E. perforans
and provided a diagram of its life cycle. Scholty-
seck (1965a) described the fine structure of the
meronts, then the microgametes (1965b), and
Scholtyseck and Piekarski (1965) that of the
merozoites. The merozoites were 8 � 2e3 and
bounded by two narrow double membranes,
of which the outer was thin and enclosed the
whole cell, and the inner was thicker and did
not extend across the anterior and posterior
ends. Intracellular organelles included a typical
conoid, a polar ring, two rhoptries, a variable
number of micronemes, 24 subpellicular micro-
tubules, a N in the posterior half bounded by
a double membrane containing many pores,
a Golgi apparatus just anterior to the N, and
an opening at the posterior end, ~0.2 wide.
The meronts were ~20 � 6 and had a highly
developed endoplasmic reticulum, which
formed a concentric system of fissures by means
of which the merozoites split off from the mer-
onts. This process of merozoite formation by
splintering the entire meront into individual
pieces may be a general characteristic feature
of merogony. Scholtyseck et al. (1969), using E.
perforans and E. stiedai, were among the first to
describe the formation of the two major layers
of the oocyst wall, the so-called dark bodies
that form the outer layer, and the “wall-forming
bodies” that form the inner layer, during endog-
enous development.

Scholtyseck (1962) was the first to study the
fine structure of the macrogametocytes, micro-
gametocytes, and oocysts of E. perforans. Micro-
gametocytes measured 12e15 (Cheissin, 1967)
and were not larger than the macrogametes.
Microgametes were 3 long, and the flagella
were 10 long (Cheissin, 1967). Hammond et al.

(1967), Scholtyseck (1965a, b), and Scholtyseck
et al. (1972) described the fine structure of the
microgamonts and microgametes. They said
the microgamonts were 10e14 wide and had
numerous micropores. Each produced relatively
few microgametes. These contained a variable
number of spheroidal to broadly ellipsoidal N,
numerous mitochondria, numerous fine gran-
ules, small and large vacuoles near the center
of the cell, osmophilic lipid inclusions, a well-
defined endoplasmic reticulum, and what
were probably glycogen granules; they had no
tube-like extrusions. Each N formed a slender
microgamete, about 6 long. They were covered
by a unit membrane and had a perforatorium,
lacked micropores, and had a mitochondrion,
~2.5 long, and three flagella (while the microga-
metes of most other coccidia are known to have
only two, e.g., E. magna, E. intestinalis).

Scholtyseck et al. (1966, 1970a, b, 1971) and
Mehlhorn and Scholtyseck (1974) described the
fine structure of the macrogametes. The macro-
gamete surface had a single layer of tube-like
extrusions (microtubules) at least 1.3 long and
~65 nm wide; the tubule walls had transverse
striations, ~9 nm wide every 16.5 nm, and
some of them extended across the PV, making
direct contact with the host cell. The macroga-
metes contained glycogen granules, mitochon-
dria, an endoplasmic reticulum, vacuoles, and
lipid granules. After fertilization, two kinds of
wall-forming bodies in the macrogametes
formed the two layers of the oocyst wall.

Cross-transmission: Kessel and Jankiewicz
(1931) were unable to infect the domestic
chicken or guinea pig, and Yakimoff and
Iwanoff-Gobzem (1931) could not infect the
dog, chicken, pigeon, white rat, or mouse with
E. perforans. Lee (1934) was not able to infect
the domestic dog with it. Carvalho (1943) trans-
mitted E. perforans from the domestic rabbit to
the cottontail, Sylvilagus floridanus mearnsii. Pel-
lérdy (1954a) was not able to infect the hare,
Lepus europaeus, with E. perforans oocysts iso-
lated from the domestic rabbit. Burgaz (1973)
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was unable to transmit this species to L. timidus,
although her identifications and methods are
questionable.

Pathology: Eimeria perforans may be one of the
less pathogenic intestinal coccidia of rabbits,
but it may nevertheless cause mild to moderate
signs of pathology in rabbits if the infection is
heavy enough. The duodenum can become
enlarged and edematous, sometimes chalky
white; the jejunum and ileum may contain white
spots and streaks, and there may be petechiae in
the cecum. Pellérdy (1965, 1974) said that this
species is not pathogenic. Weisbroth and Scher
(1975) reported a fatal case of intussusception
associated with an E. perforans infection in
a 14-wk-old pet male New Zealand rabbit in
New York, USA. The intussusception was ileo-
ileal in a region that was heavily parasitized by
E. perforans upon histological examination of
the tissues. Intussusception is believed to occur
in all mammals, but is most common in humans,
dogs, horses, cows, and sheep, and in all species
it occurs most frequently in the young. The
infected rabbit exhibited early symptoms of
shock-like depression and lethargy for 2 days
prior to death. The authors (Weisbroth and Scher,
1975) found it difficult to evaluate the signifi-
cance of the infection with E. perforans as a causal
factor of the intussusception; however, hyper-
peristalsis is known to be commonly observed
in severe coccidial infections, and they hypothe-
sized that in this case the hyperperistalsis was of
such a degree as to progress to “irreducible path-
ologic intussusception.” Coudert et al. (1979) iso-
lated a pure strain of E. perforans in SPF rabbits
from a single oocyst. They then inoculated SPF
rabbits that were 5, 7, 9 or 17 wks old with either
8 � 104, 4 � 105, or 2 � 106 sporulated oocysts;
they said this parasite was only mildly patho-
genic; causing a moderate decrease in fecal
consistency and a decrease in body weight and
food consumptionwithin 2 days PI, which disap-
peared by day 4 PI. Li and Ooi (2009) said they
found occult blood only in the feces of rabbits
infected with E. perforans, but not those infected

with five other rabbit eimerian (E. coecicola, E. exi-
gua, E. magna, E. media, E. piriformis) and
concluded that “concurrent infection with other
Eimeria species could exacerbate the pathoge-
nicity of E. perforans” and that “E. perforans can
be considered as comparatively themost virulent
species examined.” However, Licois (2009) wrote
a rebuttal letter highly critical of every aspect of
the paper by Li and Ooi (2009) including, but
not limited to: the number of eimerian species
that infect rabbits, discrepancies between
methods described and the results reported, the
way data were quantified, various incompati-
bility statements made by the authors vs. the
data in the table and figure they cited, and their
opinion that “the presence of blood in the feces is
not sufficient to sustain the pathogenicity of
a micro-organism,” and, in summary, “For all
this (sic) reasons I disagree totally with the
conclusions of the authors.” Oncel et al. (2011)
noted that 10/10 dead kids were thin with
reduced fat stores and had muscle wasting,
rough hair coats, and their small intestines
were distended and filled with gray-green
ingesta; the intestinal mucosa was severely
hyperemic and edematous. However, they could
not attribute the pathology noted to E. perforans,
since all 10 kids also were infected with E. intes-
tinalis, as determined by oocysts in their feces.

Material deposited: None.
Remarks: Leuckart (1879) was the first to

suggest that the intestinal coccidium of rabbits
(E. perforans) differed from the liver form, E. stie-
dai. It wasn’t until Railliet and Lucet (1891a, b)
inoculated healthy rabbits with oocysts of this
species (intestinal origin), and produced only
intestinal coccidiosis, that the early views of
Leuckart (1879) to distinguish the oocysts of E.
perforans from those of E. stiedai were conclu-
sively supported. Sluiter and Swellengrebel
(1912) clearly distinguish the oocysts of E. perfo-
rans from those of E. stiedai, but then for a time
all Eimeria species found in the lagomorph intes-
tine were thought to be E. perforans. As a result,
many earlier reports of E. perforans in cottontails
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and hares must be discounted. For example,
Henry (1932) reported it from L. californicus
without describing it; she may have been
dealing with E. groenlandicus. Robertson (1933)
said he found E. perforans in one L. europaeus
from England that had oocysts 18e31 � 13e20,
with a M and an OR, and sporocysts 12.5
(10e14) long with a SB and SR, which he said,
“disappeared fairly rapidly in the majority”;
he likely was looking at oocysts of E. groenlandi-
cus. Hegner and Chu (1930), in the Philippines,
found coccidia in laboratory rabbits, including
oocysts of E. perforans (also see Madsen, 1938),
which measured 24 � 16, L/W 1.25. Correa
(1931), in South America, recorded oocysts that
were 26.4� 16.5, L/W 1.25, from the small intes-
tine that were almost certainly those of E. perfo-
rans. Chang (1935) mentioned various coccidia
from laboratory rabbits, one of which was prob-
ably E. perforans, which had oocysts that were
22.5 � 15, L/W 1.5. Matsubayashi (1934) said
this species infected mostly young domestic
and wild rabbits in Japan. Madsen (1938)
described E. perforans var. groenlandicus from
the Greenland hare, L. arcticus, but this species
was actually E. groenlandicus. Carini (1940)
reported it from S. brasiliensis in Brazil, but the
sporocysts that he described were much larger
than those of E. perforans. Morgan and Waller
(1940) said they found ellipsoidal oocysts of E.
perforans in the majority of 210 S. floridanus in
Iowa, with an average size of 26.4 � 16.2, but
Carvalho (1943) thought they probably mistook
it for E. environ. He never found E. perforans in
wild S. floridanus in Iowa, although he reported
that he transmitted it experimentally to this
cottontail. Matschoulsky (1941) said he found
oocysts that resembled E. perforans in L. timidus
from Buryat-Mongol (former USSR), and that
the ovoidal oocysts were 18.0 � 15.1 (16.5e20
� 15e16.5) with ovoidal sporocysts 7e9 �
4e7. Lampio (1946) said he found E. perforans
in Finland from the European hare, but gave
no other information. Ry�savý (1954) said he
found E. perforans in both O. cuniculus and

L. europaeus in the Czech Republic, with oocysts
that were 10e23 � 14e29 and sporocysts 8.5 �
4.5, and that these oocysts sporulated in 30e60
hr; it was found in the small intestine and was
abundant in the hares and rabbits they sampled
(Ry�savý, 1954), but he didn’t mention from
which rabbit species the oocysts he measured
were collected. Ecke and Yeatter (1956) reported
E. perforans on the basis of unsporulated oocysts
from 6/32 (19%) cottontails, S. floridanus, in Illi-
nois, but again it is likely that they were dealing
with E. environ. Lucas et al. (1959) said that E.
perforans was very rare in the hare in France,
but they were probably finding oocysts of E.
groenlandicus. Gill and Ray (1960) said that
they found E. perforans in L. nigricollis in India,
but it was probably E. groenlandicus as well. Pas-
tuszko (1963) examined 9,845 rabbits from 17
districts in Poland from 1954e1958; these
included 502 rabbits by necropsy and 9,343 fecal
samples tested. She said (1963) that she found E.
perforans causing coccidiosis in rabbits in
Poland; the oocysts were 25.5 � 15.5 (15e29 �
11e17) (her Table 1). Seddon (1966) said that E.
perforans commonly infected both domestic
rabbits and hares in Australia and has been
the cause of death of captured hares, but offered
no empirical evidence. Martı́nez Fernández
et al. (1970) carried out a biometric study of
1,000 oocysts of E. perforans on the third and
fourth passages from a single oocyst. They
noted that the oocysts were extremely pleomor-
phic, especially as to the structure of the OR.
They concluded that E. lugdunumensis (from
Marotel and Guilhon, 1942) and E. nagpurensis
(see above) could not be distinguished from E.
perforans, and that their validity should be deter-
mined by histological and immunological
studies. Pellérdy (1965, 1974) added E. nana
(from Marotel and Guilhon, 1941) to that mix.
Vila-Viçosa and Caeiro (1997) reported this
species in both O. cuniculus and L. capensis in
Portugal, but gave only measurements of the
ellipsoid oocysts from O. cuniculus as being
20.6e22.5 � 13.1e15; the oocysts they saw in
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the cape hare likely were a different species, but
they didn’t describe it. We would add that all of
the forms thought to be E. perforans found in
Lepus and Sylvilagus species must one day be
sorted out with molecular studies.

The description of the sporulated oocyst
(above) is based mainly on that of Kessel and
Jankiewicz (1931), because earlier descriptions
were based on a mixture of species and are,
therefore, not trustworthy. Gousseff (1931)
measured oocysts that were 19.9 � 12.9
(15e34.5 � 9e24) with sporocysts 5.6 � 3.8
(5e9� 3e6), which likely were oocysts of E. per-
forans. Carvalho (1943) said oocysts were 21.5 �
15.5 (15e30 � 11e20). Lucas et al. (1959) found
oocysts that were 23 � 16 (24e30 � 14e20),
and Cheissin (1967) said the oocysts were 21.5
� 15.5 (13e31 � 11e17). Kasim and Al-Shawa
(1987) measured oocysts that were ellipsoidal,
20.9 � 13.7 (14e27 � 11e19.5), L/W 1.5
(1.2e1.8), without a M, but with an OR, and
sporocysts were 9.7 � 5.1 (8e11 � 4e7), L/W
1.9 (1.7e2.3). Coudert et al. (1979) isolated
a pure strain of E. perforans in SPF rabbits from
a single oocyst. Its oocysts varied markedly in
shape from subspheroidal to elongate-
ellipsoidal to ovoidal, but the larger ones were
more “characteristic” than the others; 96% of
the total oocyst population were 22 � 14
(17e28 � 12e16), with L/W 1.6. They (1979)
added that there was a M and an OR, but gave
no further structural details. The cytoplasm of
epithelial cells infected with gamonts of E. perfo-
rans shows an increase in the number and
concentration of mitochondria between the N
of the infected epithelial cell and the developing
parasite. Electron microscope studies have
shown that many mitochondria vacuolize and
degenerate. Numerous fibrils appeared in the
cytoplasm of the host cell surroundingmacroga-
metes of E. perforans (Scholtyseck, 1963, 1964).
Oocysts measured by Li et al. (2010) from O.
cuniculus in Taiwan were 20.9 � 13.0 (16e29 �
8e20), with sporocysts 8.6 � 4.1 (5e12 � 3e7).
Mandal (1976, 1987) said he recovered oocysts

of E. perforans in L. ruficaudatus from Kashipur,
India, with ellipsoidal oocysts that were 17e32
� 12.5e19.5, with an OR, and had ovoidal
sporocysts, 7.8 � 3.8, with a SR, and a sporula-
tion time of 48 hr. Schreckee and Dürr (1970)
found that 1-day-old rabbits could be infected
with E. perforans if enough oocysts were used.
Susceptibility to infection rose slowly with age
until weaning, when there was a marked
increase. They thought that this was due mainly
to diet-induced physiological and biochemical
properties of the intestine.

EIMERIA PIRIFORMIS KOTLÁN &
POSPESCH, 1934

Synonyms: Eimeria pyriformis Kotlán and Pos-
pesch, 1934 lapsus calami; non Eimeria piriformis
Lubimov, 1934; Eimeria piriformis Marotel and
Guilhon, 1941; non Eimeria pellerdyi Prasad,
1960; non Eimeria pellerdyi Coudert, 1977a, b.

FIGURES 6.21, 6.22 Line drawing of the sporulated
oocyst of Eimeria piriformis from Levine and Ivens, 1972,
with permission from the Journal of Protozoology. Photomi-
crograph of a sporulated oocyst of E. piriformis from Hobbs
and Twigg, 1998, with permission from the Australian

Veterinary Journal.
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Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: EUROPE: Hungary.
Other hosts: Lepus capensis L., 1758, Cape hare

(?), but unlikely.
Geographic distribution: ASIA: Azerbaijan

(former USSR), Taiwan; AUSTRALIA: New
South Wales, Western Australia; EUROPE:
Belgium, Czech Republic, France, Hungary,
Poland, Portugal, Spain; MIDDLE/NEAR
EAST: Iran; Saudia Arabia, Syria.

Description of sporulated oocyst: Oocyst shape:
piriform, often asymmetrical; number of walls:
2; wall characteristics: smooth, light yellowish-
brown; the outer layer is thickened around the
M; L �W: 29 � 18 (26e33 � 17e21); L/W ratio:
1.6; M: present; M characteristics: prominent,
located at narrow end of oocyst, surround by
the thickened outer wall; OR, PG: both absent.
Distinctive features of oocyst: prominent M
and absence of both OR and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal to spindle-shaped; L � W:
10.5e13 � 6; SB: apparently present at pointed
end of sporocyst; SSB, PSB: both absent; SR:
present; SR characteristics: granular, 3e5 wide,
usually centrally located in sporocyst; SZ:
surround the SR, and are elongate, with one
end wider that the other, lying head-to-tail in
sporocyst with one clear RB at wider end.
Distinctive features of sporocyst: tiny SB.

Prevalence: On the basis of a 35-mo study of
coccidia in a free-living population of wild
rabbits on an experimental enclosure in
Australia, Mykytowycz (1956, 1962) found
that, once established within the population, E.
piriformis was highly persistent and tended to
maintain a high level of infection regardless of
the season. It was one of the most common
species that he encountered, but occurred
much more commonly in rabbits 8-mo-old and
above than in rabbits 2-mo-old and below;
when it did occur, however, its oocysts were
usually present in high numbers. Niak (1967)
found this species in 3/84 (4%) rabbits from

four rabbitries in Iran. Stodart (1971) found it
in 459/656 (70%) wild rabbits in eastern
Australia (also see Stodart 1968a, b). Peeters
et al. (1981) found it in 23/770 (3%) fecal
samples from commercial rabbitries and in 42/
282 (15%) sick rabbits in traditional rabbitries
in Belgium. Veisov (1982) examined 3,150
rabbits from three different areas/districts of
the Cuba-Khachmazskoy zone in Azerbaijan
and found 2,905 (81%) infected with nine
species of Eimeria, including E. piriformis;
however, we were not able to determine how
many of the rabbits examined harbored this
species. Darwish and Golemansky (1991) found
this species in 8/75 (11%) domestic rabbits from
four localities in Syria. Polozowski (1993) exam-
ined feces from 246 rabbits in six farm rabbitries
in the Wroclaw District of Poland and found 95
(39%) infected with this species; 61/95 (64%)
infected rabbits were < 3-mo-old, 4/95 (4%)
were 4e12-mo-old, 27/95 (28%) were 13e24-
mo-old, and 4/95 (4%) were > 24-mo-old.
Hobbs and Twigg (1998) examined fresh fecal
samples from wild O. cuniculus in Western
Australia and found 604/1200 (50%) to harbor
this species; 50 of their sporulated, piriform
oocysts were 31.6 � 19.7 (24e36 � 18e21),
with sporocysts 12.7 � 7.8 (11e14 � 7e9). Grès
et al. (2003) found E. piriformis in 70e95% of
254 wild rabbits sampled from six different
localities in France. They identified 10 eimerians
from these 254 rabbits and, apparently, all were
infected with one or more of these 10. Unfortu-
nately, they did not specifically mention how
many individuals were infected with multiple
species vs. those with single species infections.
Yakhchali and Tehrani (2007) found this species
in 28/436 (6%) New Zealand white rabbits from
two rabbitries in northwestern Iran. Li et al.
(2010) reported E. piriformis in 16/642 (2.5%)
O. cuniculus from pet shops (8/642) and farms
(8/342) in 11 districts on the island of Taiwan.

Sporulation: Exogenous. Oocysts sporulated
in 2 days (Kotlan and Pospesch, 1934; Lizcano
Herrera and Romero Rodrı́guez, 1969) or in
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3e4 days at 22�C; in 6 days at 15�C (Cheissin,
1948); in 48 hr at 18e20�C (Pastuszko, 1963); Li
et al. (2010) said that sporulation occurred in
20e27 hr in 2.5% (w/v) K2Cr2O7 at 25

�C.
Prepatent and patent periods: Prepatent period

is 9e10 days (Kotlán and Pospech, 1934; Cheis-
sin, 1948), while the patent period is 10e12 days
(Cheissin, 1948, 1967).

Site of infection: Kotlán and Pospech (1934)
said that piriform oocysts could be found in
the duodenum and that they increased in
number toward the posterior part of the gut.
Others have found endogenous development
to occur in the large intestine, usually in the
ascending colon, cecum, and appendix in the
epithelial cells of the crypts and above the
HCN (Cheissin, 1948, 1967; Pellérdy, 1953,
1965, 1974).

Endogenous stages: The life cycle was
described by Cheissin (1948, 1967). The life cycle
described for “E. piriformis” by Pellérdy (1953,
1965, 1974) was actually that of E. intestinalis.
There are three merogonous stages. Mature
first-generation meronts appeared by days 5e6
PI, reached a diameter of ~20, and contained
15e25 spindle-shaped merozoites, each ~15 �
2; second-generation meronts appeared 7e9
days PI and were smaller, 11e14 wide, with
25e55 short, narrow merozoites, 6e7 � 1. On
days 9e10 PI, third-generation meronts
appeared; these were 17e20 wide, and con-
tained 15e50 merozoites that measured 11e12
� 1.5. Gamonts appeared on day 8 PI and
oocysts started to accumulate in the lumen of
the crypts 9e10 days PI. Microgametocytes
were 15e18, monocentric, and were not larger
than mature macrogametes, which were 20
wide (Cheissin, 1947a, 1948, 1967). Gamogony
ended 14e15 days PI.

Cross-transmission: Pellérdy (1954a, 1956) was
not able to infect the hare, L. europaeus, with this
species isolated from the domestic rabbit. Bur-
gaz (1973) was unable to transmit this species
to L. timidus, although her identifications and
methods are questionable.

Pathology: Not very much is known about
whether or not this species causes any
pathology in domestic rabbits. Cheissin (1948)
found that inoculation of 1-mo-old rabbits
with about 1,000 oocysts produced loss of appe-
tite, sluggishness, rough hair coats, posterior
paresis, and often diarrhea by 8 days PI;
a dose of 10,000 oocysts produced death in
11e12 days PI.

Material deposited: None.
Remarks: Kotlán and Pospech (1934), in

Hungary, found piriform oocysts in the feces
of a doe and determined they had oocysts that
differed from all other known coccidia from
rabbits to that date. They (1934) also noted that
oocysts passed on the first day of patency
were smaller (23e24 � 16) than those passed
later. Cheissin (1948, 1967) and Pellérdy (1953,
1965, 1974) differed as to where the endogenous
stages of E. piriformis occur in the rabbit. Pel-
lérdy said that they are in the small intestine,
while Cheissin said that they occur in the large
intestine. Levine and Ivens (1972) felt that the
two authors were speaking of two different
organisms; the form that Pellérdy called E. piri-
formis is really E. intestinalis. From 1954e1958,
Pastuszko (1963) examined 9,845 rabbits from
17 districts in Poland; these included 502 rabbits
by necropsy and 9,343 fecal samples tested. She
(1963) reported that E. piriformis caused coccidi-
osis in rabbits in Poland; the oocysts she
measured were 28 � 18 (26e32 � 15e25) (her
Table 1). Ry�savý (1954) said he found E. pirifor-
mis in both O. cuniculus and in L. europaeus in
the Czech Republic, with oocysts that were
29e33 � 18e25, but he did not measure sporo-
cysts, nor did he determine sporulation time.
The parasite was found in the small intestine
of the hares and rabbits he sampled near Prague
(Ry�savý, 1954) and he likely was dealing with
different species with similar oocysts. Lizcano
Herrera and Romero Rodrı́guez (1969) reported
oocysts of E. piriformis that were 29 � 18. Vila-
Viçosa and Caeiro (1997) reported this species
in both O. cuniculus and L. capensis in Portugal,
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with the piriform oocysts from O. cuniculus
being 33e37.5 � 18e20.6, but they did not
provide measurements of the oocysts from L.
capensis. These oocysts likely were another
eimerian, but not enough information was given
to guess which one. Oocysts measured by Li
et al. (2010) from O. cuniculus in Taiwan were
29.3 � 20.0 (27e35 � 16e24) with sporocysts
14.0 � 7.3 (8e16 � 4e9).

EIMERIA ROOBROUCKI GRÉS,
MARCHANDEAU & LANDAU, 2002

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: EUROPE: France, exact locality
not stated, only that this “species was found in
five of six areas” examined: Arjuzanx (Landes),
Donzère-Mondragon (Drôme), Massereau
(Loire-Atlantique), Gerstheim (Bas-Rhin), island
of Beniguet (Molène archipelago).”

Other hosts: None to date.

Geographic distribution: EUROPE: France.
Description of sporulated oocyst: Oocyst shape:

ellipsoidal, generally symmetrical with a slight
flattening on the sides around the M; number
of walls: 2; wall characteristics: thick, smooth,
brown, and very fragile, as it is frequently
broken during handling; L � W (N ¼ 30): 55 �
33.7 (ranges not given); L/W ratio: 1.6; M:
present; M characteristics: prominent, ~8 wide,
but the oocyst outer wall is not thickened
around its periphery; OR, PG: both absent.
Distinctive features of oocyst: the largest of all
eimerian oocysts described from O. cuniculus,
presence of a large M, and lacking both OR
and PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate-ovoidal to spindle-
shaped, pointed at both ends (line drawing
and photomicrograph); L � W (not given;
measurements are extrapolated from line
drawing): 23.8 � 14.2; L/W ratio: 1.7; SB:
described as “thin,” present at one end of sporo-
cyst; SSB: present, same width as SB, described
as a clear half disc; PSB: absent; SR: present;
SR characteristics: large mass of granules, cen-
trally located in sporocyst, usually obscuring
at least one SZ; SZ: elongate, with one end wider
that the other, lying head-to-tail in sporocyst
with one clear RB in the middle or at larger
end (line drawing). Distinctive features of
sporocyst: flat SB with a half disc SSB and
a very large SR.

Prevalence: Grés et al. (2002) examined 254
rabbits from six areas in France; they said the
prevalences were low, varying from 4% to 14%
in the five localities in which this species was
found, and that the maximum prevalence was
during the winter. A year later, Grès et al.
(2003) said they found E. roobroucki in 0e21%
of 254 wild rabbits sampled from six different
localities in France. In looking at both papers,
these are the same six localities and the same
254 rabbits, yet they reported different preva-
lences. There are some other statements made
in these papers that make the interpretation of

FIGURES 6.23, 6.24 Line drawing of the sporulated
oocyst of Eimeria roobroucki from Grés et al., 2002, with
permission from the authors and from Zoosystema. Photo-
micrograph of a sporulated oocyst of E. roobroucki from Grés
et al., 2002, with permission from the authors and from
Zoosystema.
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their results uncertain. In the latter paper (2003),
they identified 10 eimerians from these 254
rabbits and, apparently, 100% were infected
with two of these 10 (E. flavescens, E. perforans).
Unfortunately, they did not specifically mention
how many individuals were infected with
multiple species vs. those with single species
infections.

Sporulation: Presumably exogenous, but
unknown.

Prepatent and patent periods: Unknown,
oocysts recovered from fecal samples

Site of infection: Unknown.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Grés et al. (2002) provided a line

drawing and a photomicrograph in their orig-
inal description, but they did not deposit either
of these in an accredited museum, even though
they said their photomicrograph (their Fig. 2)
was a holotype. Nor did they provide all of
the quantitative and qualitative information
needed and expected in standard species
descriptions (range of oocyst L, W measure-
ments; sporocyst mean L, W measurements
and their ranges; measurments of SR, SZ, RB,
etc.). This is disappointing and does not meet
best-practice standards.

EIMERIA STIEDAI
(LINDEMANN, 1865) KISSKALT

& HARTMANN, 1907

Synonyms: Monocystis stiedai Lindemann,
1865; Psorospermium cuniculi Rivolta, 1878;
Coccidium oviforme Leuckart, 1879; Coccidium
cuniculi (Rivolta, 1878) Labbé, 1899; Eimeria cuni-
culi (Rivolta, 1878) Wasielewski, 1904; Eimeria
oviformis (Leuckart, 1879) Fantham, 1911; Eime-
ria stiedai var. cuniculi Graham, 1933.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: EUROPE: The Netherlands:
Delft (?).

Other hosts: Lepus americanus Erxleben, 1777,
Snowshoe hare (natural); Lepus californicus
Gray, 1837, Black-tailed jackrabbit (natural);
Lepus capensis L., 1758, Cape hare (?); Lepus euro-
paeus Pallas, 1778, European hare (experi-
mental); Lepus timidus L., 1758, Mountain hare
(natural); Sylvilagus audubonii (Baird, 1858),
Desert cottontail (experimental); Sylvilagus flori-
danus (J.A. Allen, 1890), Eastern cottontail
(natural and experimental); Sylvilagus nuttallii
(Bachman, 1837), Mountain cottontail (natural).

Geographic distribution: AFRICA: Nigeria;
ASIA: Azerbaijan (former USSR), China, India,
Kazakhstan, Philippines; AUSTRALIA: New
South Wales, Western Australia; EUROPE:
Belgium, Czech Republic, Finland, France,
Germany, Hungary, Italy, The Netherlands,
Poland, Portugal, Sweden, Switzerland; NEW
ZEALAND; MIDDLE/NEAR EAST: Iran, Iraq,
Saudia Arabia, Syria; NORTH AMERICA:

FIGURES 6.25, 6.26 Line drawing of the sporulated
oocyst of Eimeria stiedai from Gill and Ray, 1960, with
permission from Springer Science and Business Media,
copyright holders for the Proceedings of the Zoological Society

(supersedes Proceedings of the Zoological Society of Calcutta).
Photomicrograph of a sporulated oocyst of E. stiedai from
Norton et al., 1977, with permission from Parasitology.
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USA: California, Iowa, North Carolina, Wash-
ington DC, Wyoming; SOUTH AMERICA.

Description of sporulated oocyst: Oocyst shape:
elongate-ovoidal to ellipsoidal; number of walls:
1e2; wall characteristics: smooth, thin, colorless,
yellow-brown, or salmon-colored; generally
considered to be composed of one layer, but Pel-
lérdy (1965, 1974) said there is a thin outer layer
that detaches readily and/or can be removed
easily, and Scholtyseck et al. (1969) found two
layers; L � W: 37 � 20 (31e42 � 17e25); L/W
ratio: 1.8; M: present at narrow end of oocyst;
M characteristics: 6e10 wide; OR: present; OR
characteristics: a few small, rounded, refractile
granules forming a spheroidal body, up to 3
wide, but generally smaller, located in the
middle of the oocyst, partly obscured by sporo-
cysts (Norton et al., 1977); PG: absent. Distinc-
tive features of oocyst: large size, prominent M
and absence of PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: elongate ovoidal; L � W: 18 � 10
(17e18 � 8e10); L/W ratio: 1.8; SB: present;
SSB, PSB: both absent; SR: present; SR character-
istics: granular; SZ: elongate. Distinctive
features of sporocyst: none.

Prevalence: This may be the most important
coccidium of domestic rabbits. It is much less
common in cottontails than some other species
that infect Oryctolagus and it is extremely rare
in hares. Kessel and Jankiewicz (1931) found it
in ~180/> 2,000 (9%) domestic rabbits in Cali-
fornia, while Lund (1950) found it in only 12/
1,200 (1%) rabbits in southern California. Har-
kema (1936) reported it in the liver of 15/41
(37%) cottontails, S. floridanus, in the Duke
Forest, Durham County, North Carolina. Hon-
ess (1939) said that he found it occasionally in
S. nuttallii in Wyoming. Lampio (1946) reported
E. stiedai in rabbits in Finland. Ry�savý (1954)
said he found this species in both O. cuniculus
and in L. europaeus in the Czech Republic. Gill
and Ray (1960) noted that Ray (1945) already
had reported E. stiedai in domestic rabbits in
India and they gave a brief description of the

sporulated oocyst and included a line drawing,
but did not report its incidence in the rabbits
they examined. Mykytowycz (1956, 1962), who
did a 35-mo study in a free-living population
of experimentally enclosed wild rabbits in
Australia, found that the average level of infec-
tion with E. stiedai fluctuated considerably with
season, but was unable to find a satisfactory
explanation for the fluctuation. It tended to be
especially common in 3-mo-old and younger
rabbits, and to affect them more severely than
older rabbits. Niak (1967) found E. stiedai in
18/84 (21%) rabbits from four rabbitries in
Iran, and Bouvier (1967) found it in the liver of
20/> 2,000 (1%) gray hares, L. europaeus, in
Switzerland. Mirza (1970) found it in 16/31
(52%) domestic rabbits in Iraq, while Burgaz
(1970a, b) reported it in Sweden, from the Euro-
pean hare, but he gave no other information.
Stodart (1971) examined 656 wild O. cuniculus
in New South Wales, eastern Australia, found
625 (95.3%) to be infected, and identified seven
eimerians based on their sporulated oocysts
(also see Stodart 1968a, b). In her paper (1971),
she lumped E. stiedai and E. media together
and said 387/656 (59%) were infected with this
mixture and that “11.6% of rabbits had lesions
in the liver caused by E. stiedai.” Flatt and
Campbell (1974) found it in the livers of 1,562/
17,354 (9%) domestic rabbits slaughtered for
food in Iowa. Peeters et al. (1981) did not find
E. stiedai in 770 fecal samples from commercial
rabbitries, but did report it in 87/282 (7%) sick
rabbits in traditional rabbitries in Belgium. Vei-
sov (1982) examined 3,150 rabbits from three
different areas/districts of the Cuba-
Khachmazskoy zone in Azerbaijan and found
2,905 (81%) infected with nine species of Eimeria,
including E. stiedai; however, we were not able
to determine how many of the rabbits examined
harbored this species. In an unpublished
Master’s thesis, Ogedengbe (1991) said he iso-
lated this species in the gall bladders of three
of the rabbits surveyed in Kaduna State,
Nigeria. However, he (1991) neglected to state
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how many rabbits were surveyed, nor did he
mention the host species; Anonymous (2012)
listed the Cape hare, L. capensis, as the only lago-
morph species found in Nigeria. Darwish and
Golemansky (1991) found this species in 3/75
(4%) domestic rabbits from four localities in
Syria; however, the authors believed this low
prevalence was not a true representation of its
real prevalence because they did not look at
the livers of the 75 rabbits. On the other hand,
Musongong and Fakae (1999) reported E. stiedai
in the livers of 41/131 (37%) domesticated O.
cuniculus in all five village markets in Nsukka
Local Government Area of eastern Nigeria.
Polozowski (1993) examined feces from 246
rabbits in six farm rabbitries in the Wroclaw
District of Poland and found 180 (73%) infected
with E. stiedai; 158/180 (88%) infected rabbits
were < 3-mo-old, 7/180 (4%) were 4e12-mo-
old, 15/180 (8%) were 13e24-mo-old, while 0/
180 were > 24-mo-old. Hobbs and Twigg
(1998) examined fresh fecal samples from wild
O. cuniculus in Western Australia and found
310/1,200 (26%) to harbor E. stiedai; 50 of their
sporulated, ellipsoid-ovoidal oocysts were 36.2
� 20.6 (34e40 � 18e22), with sporocysts 15.5
� 8.3 (14e17 � 7e9). Grès et al. (2003) found
E. stiedai in 4e21% of 254 wild rabbits sampled
from six different localities in France. They iden-
tified 10 eimerians from these 254 rabbits and,
apparently, 100% were infected with one or
more of these 10. Unfortunately, they did not
specifically mention how many individuals
were infected with multiple species vs. those
with single species infections. Yakhchali and
Tehrani (2007) found E. stiedai in 87/436 (20%)
New Zealand white rabbits from two rabbitries
in northwestern Iran, and Al-Mathal (2008)
found it in the livers of 158/490 (32%) domestic
rabbits examined for hepatic coccidiosis on
three farms in the Eastern Province of Saudi
Arabia.

Sporulation: Exogenous. Oocysts can sporu-
late between 10 and 35�C, but the optimum
temperature is 20e27�C. The minimum time is

58 hr, but, in general, it takes about 3 days.
Ayeni (1969) found that it took a minimum of
48 hr at 28�C, and if the oocysts were shaken
continuously, most oocysts sporulated within
2e4 days. Ry�savý (1954) said that oocysts spor-
ulated in 60e75 hr. In general, oocysts will spor-
ulate in 2e4 days under most circumstances. A
detailed structural picture of sporulating
oocysts that includes the timing and duration
of characteristic stages in this process has been
described for only for a couple species of Eime-
ria. Rose (1958) reviewed much of the work on
the sporogony of E. stiedai, and Wagenbach
and Burns (1969) studied the structure and
respiration of sporulating oocysts of E. stiedai.
They pointed out that oocysts of this species
go through the sporulation process with some
degree of synchrony. An early increase in respi-
ratory rate was followed by a depression in rate
that correlated with the appearance of the early
spindle stage. The rate again increased and then
decreased toward a base rate during and after
completion of sporulation.

Prepatent and patent periods: Smetana (1933a)
reported that oocysts first appeared in the feces
3e4 wk PI, while Kotlán and Pellérdy (1949)
said the prepatent period is 17 days, a time later
confirmed by Cheissin (1967), or 14e16 days
(Fitzgerald, 1970a, b; Sanyal and Sharma,
1990). The patent period is ~24 (21e30) days
(Carvalho, 1943).

Site of infection: The route by which sporozo-
ites of E. stiedai reach the liver from the intestinal
tract has not been indisputably determined, but
some clues are given by the work of Fitzgerald
(1970a, b, 1972, 1974). He indicated (1970a, b)
that SZs of E. stiedai were transported in mono-
cytes and probably reached the liver by blood
transportation. He noted that blood withdrawn
from anesthetized rabbits by heart puncture still
had SZs at least 7 days PI. Later Fitzgerald
(1972) documented that E. stiedaiwas transfused
by heart puncture to 59/76 (78%) coccidia-free
uninfected recipient rabbits that received whole
blood, erythrocytes, or leukocytes from donor
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rabbits orally inoculated up to 17 days earlier
with E. stiedai oocysts. Pellérdy (1969a, b) and
Fitzgerald (1970b) also reported the occurrence
of liver infections with E. stiedai following ear
vein inoculations with experimentally excysted
SZ. Once in the liver, SZs located above the
HCN in the bile duct epithelial cells, but the
liver parenchyma cells were rarely invaded.
Cheissin (1967) said that Yakimoff (1931, Veteri-
nary Protozoology, unavailable to us; in Russian)
reported finding oocysts of E. stiedai in the
lymph nodes of a rabbit and in the mesenteric
nodes, the bladder, and in the nasal passages.
Numerous experimental infections of rabbits
with this species have shown that the endoge-
nous stages will not develop in the intestine
(Cheissin, 1967). The question as to the routes
by which SZs move from the intestine into the
liver has not been entirely answered, although
Pellérdy and Dürr (1970), who studied experi-
mental infections in rabbits aged 18 days to 5
wk old, found SZs within 24 hr in the mesenteric
lymph nodes, and from days 1 to 5 PI they
detected the parasite in the livers by histological
sections. The SZs of E. stiedai have been
observed in the upper part of the intestine, but
not endogenous stages. Smetana (1933b, c) said
that the SZs penetrated the liver through the
bloodstream, not the bile duct, with one line of
evidence being that the endogenous stages of
E. stiedai have developed in the livers of rabbits
in which the bile duct was ligated. When SZs
were introduced intravenously, the liver of
rabbits became infected with the endogenous
stages and SZs were found in the blood vessels
of the liver after large doses of sporulated
oocysts had been introduced into the intestine.
However, no SZs were found in the lymph
vessels. Apparently, SZs used the blood system
to penetrate not only the liver, but also the
kidneys (Cheissin, 1967). Owen (1970) infected
donor rabbits with 2e4� 106 sporulated oocysts
and studied the route of migration of SZs, after
initial penetration of the duodenal epithelium,
by harvesting lymph node and bone marrow

samples at 12, 24 and 48 hr PI and liver, blood
buffy layer, axillary lymph node, and washings
from the ceolomic cavity at 48 hr PI; these
tissues were homogenized and injected intrave-
nously (IV) into 8-wk-old SPF recipient rabbits.
Based on severity of liver involvement and
oocyst production, she concluded there were
viable SZs present in the mesenteric lymph
node at 12 hr PI, in bone marrow at 24 hr PI,
and in liver and buffy coat at 48 hr PI in donor
rabbits. When excysted SZs were injected into
the ear veins, they passed via the blood stream
to the mesenteric lymph nodes and liver; some
entered monocytes and passed within them to
the liver, but most remained free of host cells
during their passage through the blood stream
(Slater et al., 1969). Dürr (1971) reported the
presence of radioactivity in all organs of mice
and rabbits being fed labeled SZs of E. stiedai,
but found no direct evidence of actual SZs of
E. stiedai in these organs. Later Dürr (1972)
found SZs in the liver, mesenteric lymph nodes,
and bone marrow of the femur and tibia of
rabbits that he had infected with E. stiedai
oocysts. He found them in the bone marrow
only in macrophages in fresh smears, but also,
on rare occasions, free between the cells in histo-
logical preparations. He concluded that E. stiedai
SZs pass through the intestinal wall and go to
the mesenteric lymph nodes via the lymph
and were distributed through the body by the
thoracic duct; he thought that the liver may be
a filtration organ for SZs. Previously, it had
been believed (Smetana, 1933b; Slater et al.,
1969; Fitzgerald, 1970a, b; Pellérdy and Dürr,
1970) that the SZs were carried directly to the
liver via portal blood. Dürr (1972) acknowl-
edged that this also may occur, but that it
“certainly plays a minor role”; he also
concluded that the role of macrophages in their
transportation was not clear. Horton (1967)
found that E. stiedai migrated to the liver via
the lymph vessels. After infected rabbits were
killed, he found SZs in the lamina propria of
the duodenum 5e8 hr PI, and then in the
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mesenteric lymph nodes, both free and within
lymphatic monocytes, 12e84 hr PI. He found
no SZs in the duodenal portal blood and
believed that the SZs migrated from the
duodenum to the mesenteric lymph nodes,
probably in lymphatic monocytes. Compound-
ing the issue of what happens to SZs of E. stiedai
when they enter the rabbit gut and excyst, Fitz-
gerald (1974) transmitted E. stiedai to young,
coccidia-free rabbits by injecting them by heart
puncture with heart blood, erythrocytes or
leukocytes harvested by heart puncture from
donor rabbits that had been experimentally
inoculated per os with sporulated oocysts up to
27 days earlier. Fifty-nine of 76 (77%) young
rabbits injected in this manner developed E. stie-
dai infections; that is, infective forms were
present in the blood that long.

Endogenous stages: von Wasielewski (1904)
was among the first to study the excystation
and early development of E. stiedai (syn. E. cuni-
culi), including penetration of epithelial cells by
the SZs and formation of the early meronts and
merozoites. Three years later, Kißkalt (¼ Kis-
skalt) and Hartmann (1907) described the spor-
ulation process and rendered another line
drawing of an early meront of E. stiedai. Smetana
(1933b) detailed experimental infection of the
liver by SZs of E. stiedai, but it was Horton
(1967) who discovered SZ of E. stiedai in the
mesenteric lymph nodes of rabbits to throw
some light on the route of migration between
the duodenum and the liver and he suggested
the following sequence of events. After 5 hr
in the duodenum most of the SZs had excysted
from their sporocysts and began to penetrate
the mucosa. Upon reaching the basement
membrane, the SZs were phagocytosed and
then transported within monocytes via the
mesenteric lymph vessels to the lymph nodes.
Then, 5e6 hr later, the SZs reached the sinuses
of the lymph nodes within lymphatic mono-
cytes. Later, the SZs left the monocytes and
entered the portal blood, which carried them
to the liver or, alternatively, they might have

been carried passively by the monocytes to the
liver where they left the monocytes and entered
biliary epithelial cells (Horton, 1967). The
complete endogenous development of E. stiedai
was studied in detail by a number of investiga-
tors, including Tyzzer (1902), Smetana (1933c),
Kotlan and Pellérdy (1936, 1937), Pellérdy and
Dürr (1970), Owen (1970) and others (see Pel-
lérdy, 1965, 1974 for reviews), but the number
of asexual stages is still uncertain. Once SZs
enter epithelial cells of the bile ducts, some of
them become elongate meronts with 2e3 N,
but most round up and become meronts which
produce 6e30 (usually 8e16) merozoites,
~8e10 � 1.5e2. Pellérdy and Dürr (1970) found
five asexual generations within 12 days PI, after
which gamonts were formed. However, parallel
to gamogony, a sixth generation of merozoites
was formed.

Pellérdy and Dürr (1970) detailed the merog-
enous stages as follows. Once inside bile duct
epithelial cells, on about day 3 PI the SZ became
wider at the anterior end and narrower at the
posterior end, but did not round up. They
were ~8e13 � 3e5, becoming first-generation
meronts, which produced 5e7 merozoites that
were 7.5 � 1.5. First-generation merozoites
entered new bile duct epithelial cells, generally
on the lumen side of the HCN, and became
second-generation meronts, about the same
size as the first-generation meronts, and
produced 5e8 slender merozoites by day 4 PI.
Third-generation meronts were in a PV, ~11
wide; they produced 10e20 slender merozoites
that were slightly bent, measured 8 � 0.75, and
lay side-by-side like a bunch of bananas.
Third-generation merozoites then entered new
cells to produce fourth-generation meronts
that were 16 � 10, lying in a PV near the HCN,
or on its luminal side. These were present on
day 8 PI and produced 20e30 slender, slightly
bent merozoites, 6e8 � 0.5e0.75, which lay in
a circle around a dark-staining residuum. By
day 11 PI, fifth-generation meronts were found
in a PV, ~17e20 � 14, and had produced
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30e40 merozoites, each ~8e9 � 1e1.5, and
which lay randomly in their meronts around
an ellipsoidal residual body. All five of these
asexual generations were designated as Type B
(Pellérdy and Dürr, 1970). They (1970) also
designated Type A meronts and merozoites
that apparently developed coincidentally with
those they designated as Type B.

Type A first-generation meronts were similar
to Type B’s first-generation meronts. Type A
second-generation meronts were seen at 4e6
days PI. They were in a PV, ~6e10 � 6e8, and
contained only two hook-shaped merozoites,
~6 � 2. Third-generation Type A meronts were
in vacuoles, ~12 � 9, with 5e7 merozoites,
each ~8 � 1.5e2; these resembled Type B
second-generation merozoites (present on day
4 PI), but were plumper, darker, and more
homogeneous. The Type A fourth-generation
meronts were found in vacuoles, ~13.5 � 9, on
day 10 PI, and each had 3e4 plump merozoites,
~9 � 2. On day 12 PI, Pellérdy and Dürr (1970)
found fifth-generation Type A meronts in vacu-
oles, ~12e13 � 8e9, which produced 5e8
plump merozoites that were 10 � 2.5e3 and
had several small N. By day 15 PI, they saw
sixth-generation meronts in vacuoles, ~20 �
12, each with ~15 merozoites, that looked like
those of the previous Type A generation. Later
on, and coincident with gamogony, they found
stages of merogony that resembled those seen
on day 10 PI. With time, merogony became
progressively less abundant in bile ducts con-
taining gamonts and oocysts, but development
in different bile ducts was not synchronous, so
that young gamonts or merogonic stages predo-
minated in some bile ducts, while mature gam-
onts and free oocysts predominated in others.

Scholtyseck (1965a) described the ultrastruc-
ture of merogony and the cytochemical detec-
tion of glycogen (Scholtyseck (1964), and
Scholtyseck and Piekarski (1965) detailed the
fine structure of merozoites. Scholtyseck
(1965a) said there are two sizes of meronts;
one, ~25 wide, which was seen early in an

infection, and the other which is 8e10 wide.
Merozoites were 8 � 2e3, with a cell surface
composed of two narrow double membranes
separated by a zone of less electron-dense mate-
rial (Scholtyseck and Piekarski, 1965). The outer
membrane was relatively thin and continuous
over the entire cell, while the inner membrane
was relatively thick and was not present at the
anterior and posterior ends. The anterior had
a typical conoid and 24 subpellicular microtu-
bules extended posteriorly from this end. A
variable number of rhoptries or micronemes
extended longitudinally through the cytoplasm,
and there was an opening, ~0.2 wide, at the
posterior end of each merozoite. The N was in
the posterior half and it had a double membrane
containing many pores. There was a Golgi appa-
ratus in the cytoplasm just above the anterior
end of the N. Merozoites, like sporozoites, con-
tained clear globules (Scholtyseck and Piekar-
ski, 1965). Heller (1971) studied the fine
structure of merogony in the so-called small
meronts. In these, the merozoites developed in
two phases. First, four large merozoite-like mer-
onts were formed. Their N divided repeatedly,
forming several small merozoites within each
merozoite-like meront, resulting in the presence
of many merozoites within a single PV. Heller
and Scholtyseck (1971) studied the fine structure
of the formation of the large meronts and mero-
zoites. The latter develop both at the surface of,
and in the interior, of their meronts; in the latter
case they were associated with deep invagina-
tions of the cell membrane. The first indication
of merozoite formation was the appearance of
a conoid near the N. Each conoid was accompa-
nied by 24 microtubules, which become the sub-
pellicular microtubules. The rhoptries grew
posteriorly as osmophilic pouch-like structures
within the conoid. The merozoite’s outer
membrane was formed when the meront outer
membrane folded down around the conoid,
and the inner layer (actually a double
membrane) appeared within it. The polar ring
was at the anterior end of the inner membrane.
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Micronemes became visible when the rhoptries
were formed. The process of merozoite forma-
tion resembled internal merogony as well as
endodyogeny. �Cerná and Sénaud (1971) noticed
some peculiarities in the fine structure of the
merozoites. On day 13 PI they (1971) found
some meronts with merozoites that had two or
more N, a phenomenon seen in the develop-
ment of several other rabbit eimerians. Scholty-
seck (1973) confirmed that both endodyogeny
and merogony occurred in E. stiedai, and
proposed that merogony is a secondary process
of reproduction, which developed from endo-
dyogeny. Scholtyseck and Ratanavichien (1976)
found that endodyogeny took place in the
epithelial cells of the bile ducts of the rabbit.
They said that this confirmed the theory that
endodyogeny is the primary and fundamental
process of asexual reproduction in the coccidia,
and that merogony is a secondary process that
has developed from endodyogeny. Finally, in
Scholtyseck’s (1965a) study of the fine structure
of meronts, he said the cytoplasm of this stage
had a large number of membranes in the endo-
plasmic reticulum, which were situated concen-
trically around the nuclei. Apparently, the
formation of fissures occurred along these
membranes in the cytoplasm of the meronts,
leads to a separation of the merozoites during
segmentation, and this process of merozoite
formation by splintering the entire meront into
individual pieces may be a general character-
istic feature of merogony, according to Cheissin
(1967).

Pellérdy and Dürr (1970) first saw sexual
stages 10 days PI, but they could not differen-
tiate macro- from microgamonts until day 15
PI and by day 16 PI there were large numbers
of both gamonts present. Scholtyseck et al.
(1966) described the fine structure of the macro-
gametes. Macrogametocytes were 20e25 wide
and had a large residual body. The parasite
cell surface was a unit membrane with osmo-
philic granules lying underneath it in some pla-
ces. The cytoplasm had a fine, dense

granulation, which distinguished it clearly
from the cytoplasm of the host cell. Macroga-
mont cytoplasm contained glycogen granules,
a well-defined endoplasmic reticulum, “dark
bodies” (wall-forming bodies I), wall-forming
bodies (II), dumbbell-shaped mitochondria
with internal tubules, and lipid inclusions and
had several micropores about 110 nm deep
and 110 nm wide. These were larger than occur
in other species of Eimeria and they lacked
microtubules at their surface, which other Eime-
ria are reported to have. Hammond et al. (1967)
and Ball et al. (1988) described the fine structure
of the microgamonts. They were about 15 wide
and lay in a PV. In the early stages, they con-
tained unusually numerous, and widely distrib-
uted, vesicles and also canals of the
endoplasmic reticulum in the finely granulated
cytoplasm. Microgamonts also had numerous
mitochondria containing tubular structures
near the N; the mitochondria were typical of
Eimeria. The N had a compact nucleolus,
densely granular nucleoplasm, and amembrane
with numerous pores. The microgamont cell
membrane was extremely thin, with an under-
lying osmophilic layer in some places.

Cross-transmission: Jankiewicz (1941) and
Herman and Jankiewicz (1943) transmitted E.
stiedai from the domestic rabbit to the cottontail,
S. audubonii valicola from California. Hsu (1970)
infected S. floridanus and found that it was
highly pathogenic for this cottontail. Burgaz
(1973) successfully transmitted E. stiedai from
O. cuniculus to L. timidus; although her identifi-
cation and labotatory methods have been ques-
tioned by us and others (e.g., Samoil and
Samuel, 1981), we give more credence to this
result based on the success of others in transmit-
ting this eimerian to Lepus. Varga (1976) infected
nine hares (L. europaeus) with E. stiedai oocysts
from O. cuniculus and found that each of them,
killed 18e20 days after experimental infection,
had macroscopic liver lesions, but that they
were less numerous than those in the domestic
rabbit. Entzeroth and Scholtyseck (1977)
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transmitted E. stiedai from the domestic rabbit to
L. europaeus by feeding the hares sporulated
oocysts; then from 1970 to 1976, Scholtyseck
et al. (1979) transferred sporulated oocysts of
E. stiedai from O. cuniculus to six young,
coccidia-free L. europaeus and were able to detect
all stages of the endogenous cycle from sporozo-
ites to oocysts by both light and electron micros-
copy. Pérard (1924a, b) was unable to infect the
Norway rat, house mouse, dog, lamb, or kid.
Kessel and Jankiewicz (1931) could not infect
the domestic chicken or guinea pig. Yakimoff
and Iwanoff-Gobzem (1931) were unable to
infect the dog, chicken, pigeon, white rat, or
mouse. Lee (1934) could not infect a dog.
Schrecke and Dürr (1970) conducted excystation
and infection experiments with E. stiedai and the
oocysts of intestinal coccidia of rabbits (E. intes-
tinalis, E. magna, E. media, E. perforans) by infect-
ing newborn albino rats (Rattus norvegicus),
albino mice (Mus musculus), multimammate
mice (Mastomys natalensis), and chicks (Gallus
gallus) during their first day of life. In the
mammals, the rate of excystation was minimal
in very young animals and rose gradually with
age; in the baby chicks, only small numbers of
SZ excysted during the first hr PI. Aly (1993)
established infection of E. stiedai in 20/25
(80%) immunocompromised mice given 0.03
mg dexamethasone for 10 days before inocula-
tion with 250,000 sporulated oocysts from
rabbits and for 2 wk after infection. She (1993)
reported that the prepatent period was 30e35
days (vs. 17e18 days in rabbits) and that
patency continued for 2 mo after inoculation
when the experiment was terminated. The
infected mice showed enlargement of the liver
and distension of their abdomens with ascites.

Pathology: It is now well known that change
in enzyme activity, particularly in the serum
and liver, is an important parameter in the diag-
nosis and early detection of many diseases.
Dunlap et al. (1959) were among the first to
document that infection of rabbits with E. stiedai
significantly changed their blood and liver

enzymes and other parameters. They (1959)
found increased serum b- and g-globulin and
b-lipoprotein, but decreased a-lipoprotein in
their infected rabbits; in addition, bile flow, liver
weight, and bromsulfophthalein metabolites
in the bile increased, while bromsulfophthalein
excretion decreased. Hoenig et al. (1974) found
that during E. stiedai infection in rabbits, serum
glutamic, pyruvic and oxaloacetic transami-
nases, bilirubinemia and lipemia were
increased, and total serum proteins decreased;
the greater the infective dose of oocysts, the
higher the mortality. Abdel-Ghaffar et al.
(1990) infected rabbits with 105 sporulated
oocysts and sampled blood and liver enzymes
for 23 days PI, looking specifically at levels of
serum glutamic oxaloacetic transaminase
(SGOT), serum glutamic pyruvic transaminase
(SGPT), alkaline phosphatase (ALP), and acid
phosphatase (AcP) activity. They found serum
SGOT activity in both male and female infected
rabbits was highly significantly increased vs.
uninfected controls. The SGOT levels in the
livers also increased in both sexes, but not
significantly. Other non-significant increases
included SGPT in the livers of both sexes. On
the other hand, both AlkP and AcP activity
increased in the serum of both sexes, but
decreased in the livers of both sexes. Sanyal
and Sharma (1990) also looked at body and liver
weight, and several blood parameters (SGOT,
SGPT, hypoglycemia, hypoproteinemia, biliru-
binemia) during E. stiedai infections, but they
used graded experimental infections of 102,
103, 104, and 105 sporulated oocysts. Four of
six rabbits infected with 105 oocysts and two
of six infected with 104 oocysts died, but
different grades of infection did not affect
body weights between experimental groups
and the control group; however, the weight of
livers increased up to 10-fold in infected hosts.
In addition, SGOT levels showed a steady
increase on day 14 PI with a secondary increase
on day 28 PI. SGPT levels increased up to day 14
PI and declined thereafter. There was
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continuous bilirubinemia and transient hypo-
proteinemia and hypoglycemia on day 21 PI.
Necrotic changes in the livers accompanied by
subsequent release of enzymes into the serum
might be expected to cause the decreased tissue
levels and increased serum levels for these
enzymes. Thus, increased levels in these blood
serum enzymes may be a good indicator, not
only of pathological lesions, but also a degenera-
tive destruction of the tissues involved.

Many workers have described the physical
and physiological effects of E. stiedai on the liver
(Smetana, 1933b; Kotaln and Pellérdy, 1937; Pel-
lérdy and Dürr, 1970; Stingl, 1974; Barriga and
Arnont, 1979, 1981; Al-Mathal, 2008; Freitas
et al., 2009, 2010; others), and indeed the lesions
are so characteristic as to be easily recognized
with the naked eye. Seddon (1966) said that E.
stiedai is present in about 75% of wild and
domesticated rabbits in all districts of New
SouthWales, Australia, showing marked lesions
of hepatic coccidiosis in rabbits in apparently
good condition. In mild cases of liver coccidiosis
there may be no signs, but in more severe cases
rabbits lose their appetites and grow thin, diar-
rhea results, and mucous membranes become
icteric. The disease is more severe in young
animals than in the old (Levine, 1973b;
Gomez-Bautista et al., 1987), and it may be
chronic or acute, with death occurring 21e30
days PI. In experimentally infected rabbits, the
first reaction of the host tissue can be seen histo-
logically on day 2 PI. The reticuloendothelial
elements in the liver are noticeably increased,
and there is some leukocytic infiltration in the
vicinity of the bile ducts. These changes were
more pronounced on days 3 and 4 PI, but
decreased thereafter. From day 6 PI and beyond,
the leukocytes were replaced around the bile
ducts by connective tissue. Some of the signs
of pathology were due to interference with liver
function. The liver may become markedly
enlarged and white circular nodules or elon-
gated yellowish cords may appear in it. At first
these are sharply circumscribed, but later they

tended to coalesce. There were enormously
enlarged bile ducts filled with developing para-
sites and tremendous hyperplasia of the bile
duct epithelial cells. Instead of forming a simple,
narrow tube, the epithelium was thrown into
great, arborescent folds, and each cell contained
a parasite. Stingl (1974) studied the differences
in the bile duct systems between domestic
rabbits infected with E. stiedai and uninfected
rabbits. He found: (1) length and diameter of
the bile ducts dilated significantly with
increasing infective doses due to “stenosis of
the papilla duodeni;” (2) both intra- and extra-
hepatic bile ducts experienced “cholangitis
catarrhalis chronica coccidiosa;” (3) the gall
bladder also became infected, but usually later
and much less than the bile ducts, and only mer-
ogony, but no gamogony occurred there; (4)
both epithelial proliferation and mucous
production increased in infected rabbits, and
the increased mucous seemed to have a protec-
tive effect against infection on neighboring cells;
and (5) eosinophilia and histiocytosis both
increased in the tissue surrounding all parts of
the infected bile duct system. Barriga and
Arnoni (1981) studied the pathophysiology of
hepatic coccidiosis in New Zealand rabbits
infected with from 102 to 104 oocysts for 50
days PI. They identified four specific patho-
physiological events during their infections: (1)
a phase of indirect damage to the hepatocytes
that took place during the first 2 wk of infection
and was characterized by increased transami-
nases; (2) a cholestatic period consequent to
the production of oocysts that began suddenly
in the third week, diminished gradually
towards the seventh week, and was character-
ized by a rise of bilirubinemia and lipemia; (3)
a stage of metabolic dysfunction that began in
the third or fourth week, intensified for the
next 3 wk, started to recover during the seventh
week PI, and was characterized by hypoprotei-
nemia and hypoglycemia; and (4) a period of
immunodepression characterized by the
inability of the heavily infected host to inhibit
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oocyst production. Deaths seemed to be related
to depression of the host’s immunity (Barriga
and Arnoni, 1979).

Material deposited: None.
In vitro cultivation: Fitzgerald (1970c) inocu-

lated 150,000 sporozoites, from oocysts of E. stie-
dai harvested from rabbit livers, into the
chorioallantoic cavity of 10-day-old chick
embryos; later, he found early gametocytes in
the chorioallantoic membrane (CAM) of
15-day-old embryos 5 days PI. These stages
localized in the epithelial cells of the CAM and
were “nearly identical” to comparable stages
of E. stiedai in the bile duct epithelium of the
rabbit. His photomicrograph showed microga-
monts, but he said his results were not consis-
tent. Krieg (1971) studied the in vitro
excystation of sporozoites of E. stiedai, and their
eventual viability, when exposed to various
chemical agents and physical (temperature)
parameters. Coudert and Provôt (1974) took
merozoites from the bile of rabbits infected
with E. stiedai 120e132 hr PI and inoculated
these into newborn rabbit kidney cell cultures
in which different generations of meronts devel-
oped. John et al. (1999) examined the carbohy-
drates present on the surface of E. stiedai SZs,
detected lectin-binding sites, and tried to deter-
mine their functional role in the invasion
process of primary rabbit liver biliary epithelial
cells in vitro.

Remarks: Eimeria stiedai was originally
described from the domestic rabbit,O. cuniculus,
by Lindemann (1865). Since then it has been
reported from Lepus species by Tyzzer (1902),
Nieschulz (1923), Henry (1932), Robertson
(1933), Mandal (1976) and others, with most suc-
ceeding writers accepting previous reports
unquestioningly. At least some of these reports
are probably erroneous. For example, Nieschulz
(1923) said nothing about the liver in his paper,
when he wrote that, “E. stiedai” caused diffuse
lesions in a large part of the small intestine.
Henry (1932, p. 282) said merely that she recog-
nized E. stiedai oocysts in the feces of a jack

rabbit, L. californicus, in California, USA,
without providing any empirical evidence.
According to Levine (pers. comm. in an unpub-
lished ms), “there is something in the literature
about R.V. Boughton (1932) having found E. stie-
dai in the snowshoe hare, L. americanus in Man-
itoba, but all he reported was that he found
ellipsoidal or ovoidal oocysts, mostly flattened
at the micropyle end and 36e52 � 24e27 in
the intestine, and that they were ‘possibly’ E.
stiedai.” Boughton’s (1932, p. 535) data do not
support his identification. Robertson (1933)
said that he found E. stiedai in hares in England,
but his illustrations were not of this species (Pel-
lérdy, 1965). Litvenkova (1969) said she found
this species in L. europaeus and L. timidus in
Byelorussia, but gave no description. Svanbaev
(1979) reported E. stiedai oocysts in the feces of
L. europaeus and L. tolai in Kazakhstan, but
again, without much empirical evidence to
support that identification.

Other, mostly later, authors provided more
compelling evidence of E. stiedai in Lepus species
when they began to document tissue stages in
the liver of wild rabbits they surveyed. Ry�savý
(1954) said he found this species in both O. cuni-
culus and in L. europaeus in the Czech Republic
with oocysts that were 34.4 � 19.3 (30e40 �
15e21), sporocysts 13e18 � 7.7; the parasite
was found in the liver and was abundant in
the domestic rabbits they sampled. According
to Levine (unpublished ms), von Braunschweig
(1965) found E. stiedai “in the bile ducts of a hare
(presumably L. europaeus) in Germany, and
mentioned that it had been found in hares 11
times between 1908 and 1947 at the Institut
Galli-Valerio in Switzerland.” Bouvier (1967)
found it in the livers of 20 out of > 20,000 gray
hares, L. europaeus, in Switzerland. Mandal
(1976) said he recovered E. stiedai in Lepus sp.
fromKashipur, India, with ovoidal to ellipsoidal
oocysts that were 26e40 � 16e24, without an
OR, and had ovoidal sporocysts, 17 � 9, with
a SR, and that oocysts sporulated in 72 hr.
Vila-Viçosa and Caeiro (1997) reported this
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species in both O. cuniculus and L. capensis in
Portugal, with the ellipsoid oocysts from O.
cuniculus being 33e37.5 � 16.8e19.5. Grés
et al. (2003) examined 254 wild rabbits from
six localities in France and this is one of 10
species they identified. Aoutil et al. (2005)
reported E. stiedai in L. europaeus in France; their
oocysts were 37 � 22 (33e40 � 19e24) with
sporocysts, 18� 10. Based on these latter studies
and on reliable cross-transmission experiments,
we conclude that E. stiedai can and does infect
Lepus species, but that it is relatively rare in
hares and jackrabbits.

Levine and Ivens (1972) began using the
spelling “stiedai” even though the original
description used “stiedae,” a convention that
most other authors have now willingly fol-
lowed. They argued, correctly, that Lindemann
(1865) named it for Ludwig Stieda, and accord-
ing to Article 27 of the International Rules of
Zoological Nomenclature, the genitive ending
must be used; thus, “ae” would indicate that
the species was named for a woman, and “ai”
for a man (Levine and Ivens, 1972).

Eimeria stiedai has special significance in that it
dates to Leeuwenhoek (1674), who saw oocysts
of what were almost certainly this species in
rabbit bile and partially described them in his
unpublished seventh letter to the Royal Society
(Dobell, 1932; Wenyon, 1926). The history of
this species also is interesting in that Bosc
(1898) in France was possibly the first to see
and document intracellular development of
endogenous stages, which he thought were
tumors produced by the parasite. Later, Wenyon
(1926) said that the first published description of
pathology in the duodenum and liver by E. stie-
dai was by Hake in 1839, who suggested that
unsporulated oocysts were pus globules in rabbit
livers (Levine, 1973a). Since then it has been
found and described by many workers, but the
earlier ones were of the opinion that all coccidia
of the rabbit belonged to the same species, so
their descriptions cannot be used because they
often were confusing oocysts of intestinal forms

with E. stiedai (see above for some examples).
The description of the sporulated oocyst (above)
is based on those of Pérard (1924a, b), Kessel and
Jankiewicz (1931) and Pellérdy (1965, 1974).
Hegner and Chu (1930), in the Philippines, found
coccidia in laboratory rabbits, including oocysts
of E. stiedai (also see Madsen, 1938), which
measured 35 � 23, L/W 1.5. Correa (1931), in
South America, recorded oocysts that were 36
� 23, L/W 1.6, from the liver that were certainly
those of E. stiedai. Gousseff (1931) measured
oocysts that were 31.4 � 19.2 (24e43 � 15e28)
with sporocysts 9.0 � 6.0 (6e17 � 4e9). Oocysts
measured by Yakimoff (1933a, b) were 34 � 22
(24e41 � 17e31). Smetana (1933a) did a detailed
experimental study on the excystation of oocysts
of E. stiedai in vitro. Chang (1935) mentioned
various coccidia from laboratory rabbits in
China, including oocysts of E. stiedai (also see
Madsen, 1938), which measured 37.5 � 22.1, L/
W, 1.7. Pastuszko (1963) examined 9,845 rabbits
from 17 districts in Poland, from 1954e1958;
these included 502 rabbits by necropsy and
9,343 fecal samples tested. She (1963) found
that E. stiedai caused coccidiosis in rabbits in
Poland; her oocysts measured 37.2 � 21.5
(20e40 � 15e25) (her Table 1).

Even suckling rabbits are susceptible to
experimental infection (Dürr and Pellérdy,
1969; Schrecke, 1969), although they are more
resistant than older ones. Bull (1958) studied
about 5,000 wild O. cuniculus at Hawk’s Bay,
New Zealand, between 1950 and 1958. He
used liver lesions as an index of infection, but
also made microscopic examinations of the bile
of 960 of these rabbits. Liver lesions were the
better index of infection than the presence of
oocysts; they healed slowly andwere sometimes
present after oocyst production had ceased. On
the other hand, in light infections oocysts were
present in the absence of gross lesions. Sex of
the host had little effect on the infection rate,
but age was extremely important. The infection
rate was highest, 91% in 1950e1951, in rabbits
6e11-wk-old, and much lower in older and
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younger age groups. In young rabbits the infec-
tion rate was 49% in 1950e1951, rose to 60% in
1951e1952, and then began a steady decline to
6% by 1955e1956. At the same time, the rabbit
population declined markedly. The location
where the rabbits were captured also had
a marked effect on the infection rate. Rates
were high on a grassy paddock, whereas they
were low on an open riverbed with little forage
or cover. Bull (1958) thought that E. stiedaimight
help control rabbit populations. He estimated
that in 1951e1952 about half of the rabbits
born died of coccidiosis before they reached
the age of 120 days. However, the population
was still fairly high at the end of the breeding
season, and poisoning had to be resorted to.
Thus, coccidiosis, by itself, did not keep the
rabbit population to a satisfactorily low level,
but it reduced the amount of poisoning that
was required and provided some economic
advantage. On the other hand, Mykytowycz
(1956, 1962), who studied E. stiedai and the intes-
tinal coccidia of a free-living population of wild
rabbits on an experimental enclosure in
Australia, concluded that coccidiosis was not
responsible for the general mortality pattern
he saw, as most of his rabbits died of myxoma-
tosis. He found no important difference in the
number of oocysts discharged between the
sexes, but he did find lower oocyst counts in
the progeny of the dominant doe in the pecking
order than in the progeny of the other does. He
concluded that social behavior and seasonal
pasture changes were among the most signifi-
cant factorsdaside from myxomato-
sisdinfluencing population numbers.
Predation by birds was much more important
as a cause of death than was coccidiosis.

Dürr et al. studied both sporogony (1971) and
the excystation of sporozoites (1972) in oocysts
of E. stiedai and Dürr and Reiser (1972) looked
at the resistance of oocysts to both X-rays and
gamma irradiation. Coudert et al. (1972) studied
the resistance of oocysts to ultrasonic waves and
found that waves (20 kHz, 23.9 W/cm2,

1.74 cm2) applied for 2 min can destroy 99.5%
of unsporulated oocysts in a suspension. With
other colleagues (Coudert et al., 1973) they
looked at the influence of temperature on the
respiration and duration of segmentation of E.
stiedai oocysts. Sénaud et al. (1976) used the elec-
tronmicroscope to study the development of the
micropore in the endogenous stages of E. stiedai
in the liver, and of several other sporozoan
species, including Plasmodium cathemerium; the
formation of the micropore was similar in all
species studied with the outer unit membrane
of the pellicle forming the continuous lining of
the micropore cavity and the inner pellicular
complex forming the concentric osmophilic
ring, which surrounds the neck of the micropore
invagination.

Klesius et al. (1976) demonstrated the devel-
opment of delayed hypersensitivity (DH) in
rabbits infected with a particulate antigen frac-
tion prepared from nonsporulated oocysts; their
antigen produced dermal indurations similar to
that seen in tuberculin reactions. This skin reac-
tivity (DH) was detected in 11/28 (39%) infected
rabbits at 10 days PI and in 53/55 (96%) rabbits
by 20e30 days PI, and skin reactivity was
passively transferred to non-infected rabbits
with lymphocyte suspensions and cell-free
transfer factor, but not with serum from infected
skin-reactive animals. Leysen et al. (1989) used
monoclonal antibodies (Mabs) to examine
surface antigens on the SZ of both E. stiedai
and E. magna. Ten of 220 Mabs raised against
E. stiedai reacted with the surface of live SZs
and some were able to agglutinate SZs in
suspension. The surface-active Mabs were
specific for the species against which they
were raised and they did not react with SZ of
E. flavescens, E. intestinalis, E. irresidua, or E. pir-
iformis. Eimeria stiedai, thus, seems to be unique
among rabbit coccidia: its 18S rDNA sequence
(1345 bp) formed a relatively long branch with
about a 100 bp deletion (see Kvi�cerová et al.,
2008), it is the only eimerian known from rabbits
that develops extraintestinally, i.e., in the bile
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ducts, its OR is composed of only a few small
refractile granules, and it is able, at least exper-
imentally, to infect both hares (Lepus spp.) and
cottontails (Sylvilagus spp.) (Jankiewicz, 1941;
Herman and Jankiewicz, 1943; Hsu, 1970; Pel-
lérdy and Dürr, 1970; Pellérdy, 1974; Varga,
1976; Entzeroth and Scholtyseck, 1977; Scholty-
seck et al., 1979; Eckert et al., 1995).

EIMERIA VEJDOVSKYI (PAKANDL,
1988) PAKANDL & COUDERT, 1999

Synonym: Eimeria media Kessel, 1929 (see Pak-
andl and Coudert, 1999 and Remarks, below).

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: EUROPE: Czechoslovakia, Klec
near Lomnice nad Lu�znicı́ (South Bohemia).

Other hosts: None reported to date.
Geographic distribution: EUROPE:

Czechoslovakia.
Description of sporulated oocyst: Oocyst shape:

ellipsoidal, slightly asymmetrical (line drawing,

Pakandl, 1988) with the greatest width usually
behind the midlength of oocyst; number of
walls: 2; wall characteristics: outer is smooth,
yellowish or light brown, interrupted by the
M, while inner is flattened or slightly concave;
L � W: 32.9 � 19.2 (30e37 � 18e21) (see
Remarks, below); L/W ratio: 1.7; M: present; M
characteristics: 3.7 (3e4.5) wide; OR: present;
OR characteristics: spheroidal, composed of
many granules, 5.7 (4e7) wide; PG: absent.
Distinctive features of oocyst: slightly asymmet-
rical shape with M and large OR composed of
many granules.

Description of sporocyst and sporozoites: Sporo-
cyst shape: fusiform; L � W: 15.7 � 8.0
(14e16.5 � 7e9); L/W ratio: 2.0; SB: present;
SB characteristics: small, flat; SSB, PSB: both
absent; SR: present; SR characteristics: compact,
composed of rough granules, usually near
sporocyst wall; SZ: not described, but it
appeared to lie end-to-end with a large RB at
the more rounded end. Distinctive features of
sporocyst: markedly pointed at the end with
the SB.

Prevalence: Unknown.
Sporulation: Exogenous. Oocysts sporulated

in 2e3 days at room temperature (Pakandl,
1988, for E. media, now considered to be the
mensural and biological data for E. vejdovskyi).

Prepatent and patent periods: Prepatent period
is 9e10 days (Pakandl, 1988; Pakandl and Cou-
dert, 1999). Patent period unknown.

Site of infection: Small intestine. All endoge-
nous stages developed exclusively in the epithe-
lium of the ileum (Pakandl and Coudert, 1999).
No parasite stages were found at 18 hr PI, but
by 36 hr PI, SZs were seen at the bottom of
crypts, often in Paneth cells (Pankadl and Cou-
dert, 1999).

Endogenous stages: Five generations of meronts
developed at different intervals. All five genera-
tions had two types of meronts: Type A, which
formed a small number of larger merozoites
with several nuclei via endodyogeny, and Type
B, which formed a larger number of uninucleate

FIGURES 6.27, 6.28 Line drawing of the sporulated
oocyst of Eimeria vejdovskyi from Pakandl, 1988, with
permission from Folia Parasitologica (Praha). Photomicro-
graph of a sporulated oocyst of E. vejdovskyi from Pakandl,
1988, with permission from Folia Parasitologica (Praha).
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merozoites via ectomerogony. First-generation
meronts were seen 54e72 hr PI in epithelial cells
at the bottom of the crypts; first-generation Type
A meronts were SZ-shaped, but with several N
inside, while Type B first-generation meronts
produced 20e50 merozoites via ectomerogony.
Second-generation meronts were found 72e108
hr PI in epithelial cells of the crypts; meronts of
both types were nearly spheroidal and formed
two to four or up to eight nearly spheroidal
merozoites; Type A second-generation merozo-
ites had two N, whereas Type B merozoites
were uninucleate. The third-generation meronts
(first generation of Pakandl, 1988; see Remarks),
more elongated than those in the second genera-
tion, were seen 108e126 hr PI, also in the crypts,
but not at the bottom. Third-generation Type A
meronts were 6.3 � 6.0 (5e7.5 � 5e7) and
produced 2e4 fat merozoites with two, three,
or four N, while Type B meronts were 8.1 � 6.9
(5.5e15 � 5e12; see Pakandl, 1988) and formed
4e200 smaller uninucleate merozoites. Fourth-
generation meronts were seen in the wall epithe-
lial cells of intestinal villi, between 126 and 162 hr
PI. These were the largest meronts in endoge-
nous development of this species. Type A were
19.8 � 12.9 (13.5e24 � 10e14.5) and produced
25e75 binucleated merozoites, and Type B
were 24.7� 13.5 (17e35� 9e18.5) and produced
50e200 uninucleated merozoites. The fifth-
generation meronts occurred 162e180 hr PI,
but some were present as late as 198 hr PI; these
were located in the upper part of the villi. Fifth-
generation Type Ameronts were 6.1� 6.2 (5e8.5
� 4e7) and formed 2e4 merozoites, with 2e3 N,
while Type B fifth-generationmeronts were 6.8�
6.2 (4.5e11 � 5e8) and produced 4e20 merozo-
ites, with one N (Pakandl, 1988; Pakandl and
Coudert, 1999). Gamogony began at 198 hr PI
in epithelial cells in the upper parts of the villi.
Macrogamonts were 27.1 � 14.9 (19e30.5 �
11.5e19) and mature microgamonts were 29.9
� 16.1 (21e37 � 12e22.5).

Cross-transmission: None to date.
Pathology: Unknown.

Material deposited: Institute of Parasitology,
Czechoslovak Academy of Sciences, �Ceské
Bud�ejovice, Czechoslovakia, Protozool. Coll.
No. H-PA-003a-c.

Etymology: The specific epithet is given in
honor of the Czech zoologist Franti�sek
Vejdovský.

Remarks: Pakandl (1988) originally described
this species, but he confused it with E. media.
He (1988) identified two species with similar
oocyst morphology, one with larger oocysts
and a 9e10 day prepatent period, and the
second with smaller oocysts and a 5e6 day pre-
patent period; he called the former E. media
because oocyst size resembled the description
given by Kessel (1929) for E. media, and the
latter, E. vejdovskyi, which he named as new.
However, Pakandl and Coudert (1999) later cor-
rected the earlier decision by Pakandl (1988).
They argued that since all other researchers
used the name E. media for the species with
smaller oocysts and the shorter prepatent
period, they proposed to retain E. media for
this smaller species and use E. vejdovskyi for
the other species with larger oocysts and the
9e10 day prepatent period (thus, reversing the
descriptions, measurements, and line drawings
presented earlier by Pakandl, 1988). So, sporu-
lated oocysts of E. vejdovskyi clearly resemble
those of E. media in size (32.9 � 19.2 [30e37 �
18e21], L/W ratio 1.7 vs. 29.1 � 18.2 [24e33 �
15e20], L/W ratio 1.6, respectively). However,
the prepatent periods, number and size of
endogenous stages, and their timing during
development differ significantly (see Table 1,
Pakandl, 1988, but transpose the names), and
starch gel electrophoresis showed marked
differences in mobility of both lactate dehydro-
genase (LDH) and glucosophosphate isom-
erase (GPI) between the two species.

Pakandl and Coudert (1999) were unable to
locate SZs at 18 hr PI in the ileum, duodenum,
or jejunum, but they saw SZs in the ileal crypts
at 36 hr PI, before they started merogony.
Although the site of entry of the SZs is
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unknown, they (1999) speculated it seemed
probable that “as in other rabbit species, the
SZ enter the intestine in the duodenum and
upper jejunum and then migrate by a route
which remains unclear.”

Polynucleated merozoites have been
described in many rabbit coccidia (Pellérdy
and Dürr, 1970; Ryley and Robinson, 1976; Nor-
ton et al., 1979; Streun et al., 1979; Pakandl, 1988;
Licois et al., 1992a, b; Pakandl et al., 1996a, b, c;
Pakandl and Coudert, 1999), although this does
not seem to be common in coccidian species
from other hosts. Streun et al. (1979) first articu-
lated the theory that the two types of meronts
and merozoites precede macro- and microga-
monts, respectively. In E. vejdovskyi Type A
numbers decreased from generations 1 through
5, apparently due to the smaller numbers of
merozoites in each Type A meront. Pakandl
and Coudert (1999) suggested that this corre-
sponded to a smaller number of microgamonts
compared with the number of macrogamonts
and that “it seems probable that Type A and B
meronts of E. vejdovskyi and other rabbit Eimeria
species are sexually determined and, unlike coc-
cidian species from other hosts, this is also
expressed in their morphology.”

SPECIES INQUIRENDAE (1)

Eimeria pellerdi Coudert, 1977a, b

Homonym: Eimeria pellerdyi Prasad, 1960, from
the camel.

Original host: Oryctolagus cuniculus (L., 1758)
(syn. Lepus cuniculus), European (domestic)
rabbit.

Remarks: Coudert (1977a, b) described this
form as a new species from the domestic rabbit
in France. This name is a homonym of E. peller-
dyi Prasad, 1960, from Camelus bactrianus (see
Levine, 1974; Pellérdy, 1974). Coudert’s
organism appears to be E. flavescens Marotel
and Guilhon, 1941.

DISCUSSION AND SUMMARY

Historic Relationship Between
O. cuniculus and humans

Oryctolagus cuniculus is one of the rare
mammals originally domesticated in Western
Europe. From about the late Pleistocene until
Classic Antiquity, rabbits only occupied the
Iberian Peninsula and a narrow area in
southern France (Monnerot et al., 1994). Little
substantial evidence of humanity’s relationship
with the European rabbit is documented until
the medieval period, but it can be surmised
that transportation by humans throughout
antiquity, including the Phoenicians, Greeks,
and Romans, resulted in this species becoming
globally distributed throughout most of
Europe, into South America and Australia
and on to many oceanic islands. The European
rabbit is the only species of rabbit to be domes-
ticated, probably beginning in the sixteenth
century, when warrens began to be conserved
(Rougeot, 1981), and all pet breeds of rabbits
are of this species. After this period, three kinds
of rabbits were living in Western Europe: wild
rabbits, rabbits kept in warrens for hunting as
a food source, and domestic stocks (Audoin,
1986).

Coccidia and Coccidiosis in European
Wild and Domestic Rabbits

Coccidiosis refers to the disease state caused
by infection with coccidia. The beginning of
a disease condition in an infected animal can
be indicated by anorexia with reduced food
intake, sluggish behavior, weakness, rough
hair coat, and either a pause in weight gain or
noticeable thinning and weight loss. Such
visible symptoms are caused by the parasite’s
development in the gut (and/or liver), which
affects many physical and physiological param-
eters including, but not limited to: denuding
and sloughing of gut epithelium, intestinal
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hypomotility (constipation) or hypermotility
(diarrhea), inflammation, thickening and
enlargement of infected sections, extravasation
of blood capillaries, intestinal intussusception,
hemorrhage in a hyperemicmucosa, malabsorp-
tion, changes in plasma proteins and electro-
lytes, and death. Infection and (sometimes)
disease caused by the 16 valid eimerians for
which O. cuniculus is the type host occur in
two forms, intestinal and/or hepatic, and are
dependent primarily upon the species involved,
the size of the inoculating dose, and the age,
nutritional, and immune status of the rabbit,
with juveniles more susceptible than adults.
The latter can act as carriers and distribute the
oocysts widely in their feces. We know nothing,
or almost nothing, about the pathology of five of
these 16 (31%), all intestinal species: E. nagpuren-
sis, E. oryctolagi, E. piriformis, E. roobroucki, and E.
vejdovskyi. Four species (25%) can be considered
slightly-to-mildly pathogenic; these are E. exi-
gua, E. matsubayashii, E. neoleporis, and E. perfo-
rans. It needs mention that E. neoleporis was
originally described and studied in S. floridanus
(Carvalho, 1942) and later transmitted to O.
cuniculus (Carvalho, 1943, 1944). It is reported
to live in the area of the ileocecal valve and ante-
rior cecum in both host species, but is more
pathogenic in S. floridanus than in O. cuniculus.
Eimeria flavescens, E. media, and E. stiedai (liver
only) can be considered pathogenic, especially
in young rabbits and in high inoculation/infec-
tive doses. And from the information available
to us at present, the most pathogenic intestinal
forms are E. coecicola, E. intestinalis, E. irresidua,
and E. magna.

Site and Host Specificity in O. cuniculus

The evolution of host and site specificity of
parasites, in general, and Eimeria species in
particular, has been called one of the most
intriguing questions of all parasitological
research (Kvi�cerová et al., 2008). These specific-
ities differ in degrees.

Site Specificity

Most coccidian species for which endogenous
development is known undergo asexual (merog-
ony) and sexual (gamogony) development
within specific cells of the gastrointestinal tract,
but not all species are found in the gut. Eimeria
stiedai undergoes its development in epithelial
cells of the bile duct and (sometimes) paren-
chymal cells of the liver of rabbits, while other
mammalian eimerians have been found to
develop in cells of the gall-bladder (goat),
placenta (hippopotamus), epididymis (elk),
uterus (impala), genitalia of both sexes
(hamsters), bile duct (chamois), and pyloric
antrum (kangaroo) (see Duszynski and Upton,
2001; Duszynski, 2011). Once eimerians have
localized within their specific organ system of
choice, they seem to be limited to specific zones
within that system, specific cells within that
zone, and specific locations within those cells.
Thus, one species may be found only in cells of
the ileum (e.g., E. vejdovskyi), another only in
the epithelial cells of the lower small intestine,
cecum and colon (e.g., E. flavescens), and a third
in the epithelial cells of the bile ducts (e.g., E. stie-
dai). Within their specific regions, one may be
found only in cells at the base of the crypts of Lie-
berkühn, another in cells along the lengths of the
villi, a third in endothelial cells of the lacteals of
the villi, or a fourth in the epithelial cells of bile
ducts, but usually not in the hepatocysts of the
liver. And the final degree of specificity is within
their host cells. Some develop below the striated
border (of microvilli) of epithelial cells and above
the HCN, some below theHCN and a fewwithin
the HCN (Duszynski and Upton, 2001; Duszyn-
ski, 2011). Of the 16 eimerian species which we
consider to be valid, 15 are intestinal parasites,
while only E. stiedai is found in the liver’s bile
ducts, where its development occurs in their
epithelial cells. Of the intestinal species, nothing
is known about the locations of endogenous
development for four (27%) of them. The loca-
tion of development in the rabbit is completely
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unknown for E. nagpurensis and E. roobroucki,
while for E. oryctolagi and E. vejdovskyi we
know only that they are reported to live in “the
small intestine”; the actual location of their
endogenous stages has not been studied. Five
species (33%) live in the upper intestines, distrib-
uted from the duodenum to the lower ileum,
dependent upon the size of the inoculating
dose; these include E. exigua, E. irresidua, E. mat-
subayashii, E. media, and E. perforans, and their
more specific locations vary from superficial
epithelial cells on the villi to more proximal loca-
tions within the lamina propria and in cells
within or at the base of the crypts (see text).
The remaining six (40%) intestinal eimerians
seem to be less parochial in the choice of location
within the rabbit gut and live in the ileum and
cecum (E. coecicola), the ileum through the colon
(E. flavescens, E. magna, E. neoleporis) or even,
during heavy infecting doses, from the
duodenum and jejunum through the cecum,
appendix, and ascending colon (E. intestinalis,
E. piriformis).

Host Specificity

In reality, strict host specificity probably
rarely, if ever, exists in nature because it would
not be to the parasite’s advantage to limit its
reproductive opportunities to a single host,
especially if that host is reasonably rare or soli-
tary or territorial. Thus, it’s our contention that
most coccidia may be infective to several host
species, at least within the same host genus,
and likely infective to hosts within closely
related (sister genera) taxa. Among the Eimerii-
dae, Eimeria species are considered to exhibit the
highest level of specificity for their definitive
host (Marquardt, 1973; Hnida and Duszynski,
1999a), while Sarcocystis, with its cyst-forming
heteroxenous species (Sarcocystidae), are gener-
ally more specific for their intermediate host
than for their definitive host(s) (Dubey et al.,
1989; Votýpka et al., 1998; Dole�zel et al., 1999;
�Slapeta et al., 2003). The degree of specificity
in mammals seems to vary from host group to

host group. For example, Eimeria from goats
cannot be transmitted from goats to sheep or
vice versa (Lindsay and Todd, 1993), but Eimeria
from cattle (Bos) often are found in American
bison (Bison) (Ryff and Bergstrom, 1975; Penz-
horn et al., 1994), while Eimeria species that
infect certain rodents (Sciuridae) seem to easily
cross host genus boundaries (Todd and Ham-
mond, 1968a, b; Wilber et al., 1998). At least
one rodent eimerian, E. chinchilla, originally iso-
lated from the chinchilla, was experimentally
transmitted to seven genera of wild rodents in
two families (de Vos, 1970), and E. separata
from the rat (Rattus) will infect certain genetic
strains of mice, Mus species (Mayberry and
Marquardt, 1973; Mayberry et al., 1982). We
also know that genetically altered (Rose and
Millard, 1985) and immunosuppressed
mammals (Todd et al., 1971; Todd and Lepp,
1972; Nowell and Higgs, 1989; Aly, 1993) are
susceptible to infection with Eimeria species to
which they otherwise might be naturally resis-
tant. These studies help emphasize that
numerous biotic interactions between host and
parasite must contribute, in concert, to any
host specificity (or lack thereof) in the coccidia,
especially the genetic constitution of both partic-
ipants (Duszynski and Upton, 2001). Host spec-
ificity in O. cuniculus seems fairly strict. Based
on the evidence available at this time, the
majority, 10/15 (67%), of valid intestinal species
are reported only from O. cuniculus with a few
isolated, and questionable, reports from Lepus
and/or Sylvilagus species, but without support-
ing cross-transmission or molecular work; these
include E. coecicola, E. exigua, E. flavescens,
E. intestinalis, E. matsubayashii E. nagpurensis,
E. oryctolagi, E. piriformis, E. roobroucki, and E.
vejdovskyi. Pellérdy (1954a, 1956) was unable to
cross-transmit several of these to L. europaeus,
but most species have no experimental work
to refute or support their specificity for O. cuni-
culus (see text). Of the remaining five intestinal
species, four (E. irresidua, E. magna, E. media,
E. perforans) were discovered first in
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O. cuniculus, but have been transmitted to at
least one species of Sylvilagus, and the fifth (E.
neoleporis) was discovered originally in Sylvila-
gus and was cross-transmitted to O. cuniculus;
none of these has yet been transmitted to Lepus

species (see text). The only species to infect the
liver, E. stiedai, is the least specific of the eimer-
ians of O. cuniculus, as it is known to also infect
both Lepus and Sylvilagus species, both naturally
and experimentally.

TABLE 6.1 All Reported Coccidia Species1 (Apicomplexa: Eimeriidae) from the Old World Wild European Rabbit,
Oryctolagus cuniculus, and its Domesticated Subspecies, O. c. domesticus (Family Leporidae)

Domestic/farmed (D)/

European (wild) (W) Eimeria spp.

Natural (N) &/or

experimental (E) References

D/W coecicola N/E Cheissin, 1947, 1967; Gill & Ray, 1960

D/W exigua N Yakimoff, 1934; Pastusko, 1961a, 1963;
Lizcano Herrera & Romero Rodrı́guez,
1969; Stodart, 1971; Coudert et al., 1995;
Hobbs & Twigg, 1998; Jelinková et al.,
2008; Li et al., 2010

D/W flavescens N Marotel & Guilhon, 1941; Catchpole &
Norton, 1979; Norton et al., 1979; Peeters
et al., 1981; Kasim & Al-Shawa. 1987;
Polozowski, 1993; Hobbs & Twigg, 1998

D/W intestinalis N Cheissin, 1948, 1967; Pellérdy, 1953,
1954a, b, 1965, 1974; Peeters et al., 1981;
Veisov, 1982; Darwish & Golemansky.
1991; Hobbs & Twigg, 1998; Oncel et al.,
2011

D/W irresidua N Kessel & Jankiewicz, 1931; Cheissin,
1940, 1967; Carvalho, 1943; Lund, 1950;
Mykytowycz, 1956,1962; Niak, 1967;
Stodart, 1971; Norton & Joyner, 1979;
Peeters et al., 1981

W leporis N (?) Nieschulz, 1923; Ry�savý, 1954; Pellérdy,
1956; Lucas et al., 1959

D/W magna N/E Pérard, 1925b; Kessel & Jankiewicz, 1931;
Becker, 1933; Carvalho, 1934; Cheissin,
1947b, 1967; Lund, 1950; Niak, 1967;
Mirza, 1970; Stodart, 1971; Pellérdy, 1974;
Peeters et al., 1981; Veisov, 1982

D matsubayashii N/E Matsubayashi, 1934; Tsunoda, 1952; Gill
& Ray, 1960; Cheissin, 1967

D/W media N/E Kessel & Jankiewicz, 1931;
Matsubayashi, H. 1934; Carvalho, 1943;
Pellérdy, 1954b; Pakandl et al., 1966c;
Cheissin, 1967; Hobbs & Twigg, 1998;
Grès et al., 2003; Razavi et al., 2010

D nagpurensis N Gill & Ray, 1960; Martı́nez Fernández
et al., 1969; Mandal, 1976
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TABLE 6.1 All Reported Coccidia Species1 (Apicomplexa: Eimeriidae) from the Old World Wild European Rabbit,
Oryctolagus cuniculus, and its Domesticated Subspecies, O. c. domesticus (Family Leporidae) (cont’d)

Domestic/farmed (D)/

European (wild) (W) Eimeria spp.

Natural (N) &/or

experimental (E) References

D neoleporis1 E Carvalho, 1943; Mandal, 1976, 1987

D oryctolagi N Ray & Banik, 1965b; Mandal, 1976, 1987

D/W perforans N/E Leuckart, 1879; Sluiter & Swellengrebel,
1912; Carvalho, 1943; Kessel &
Jankiewicz, 1931; Lund, 1950;
Francalancia & Manfredini, 1967; Peeters
et al.,1981; Veisov, 1982; Mirza, 1970;
Niak, 1967; Santos & Lima, 1987; and
many other authors (see text)

D/W piriformis N Kotlán & Pospech, 1934; Cheissin, 1948,
1967; Pellérdy, 1953, 1965, 1974; Levine &
Ivens, 1972; Pastuszko, 1963; Peeters
et al., 1981; Veisov, 1982; Niak, 1967;
Stodart, 1971; Darwish & Golemansky,
1991; and many other authors (see text)

W roobroucki N Grés et al., 2002, 2003

D/W stiedai1, 2 N/E Lindemann, 1865; Kisskalt & Hartmann,
1907; Kessel and Jankiewicz, 1931;
Harkema, 1936; Lampio (1946); Lund,
1950; Ry�savý, 1954; Gill & Ray, 1960;
Mykytowycz, 1962; Bouvier, 1967;Niak,
1967; Litvenkoa, 1969; Von
Braunschweig, 1965; Bouvier, 1967;
Burgaz, 1970a, b; Mirza, 1970; Stodart,
1971; Flatt & Campbell, 1974; Entzeroth
& Scholtyseck, 1977; Svanbaev, 1979;
Peeters et al., 1981; Veisov, 1982;
Ogedengbe, 1991; Darwish &
Golemansky, 1991; and many other
authors (see text)

D vejdovskyi N/E Pakandl, 1988; Pakandl & Coudert, 1999

17 Eimeria (16 valid)

1 Seventeen Eimeria species reported/described from the lagomorph monotypic genusOryctolagus. We believe all these eimerians are valid parasites ofO.

cuniculus and/or O. c. domesticus, except E. leporis (see text). Several of these species have been reported to occur naturally in various Lepus and

Sylvilagus species; however, most of those reports are likely misidentifications except for E. stiedai. Jankiewicz (1941), Herman and Jankiewicz (1943),

Entzeroth and Scholtyseck (1977), and Scholtyseck et al. (1979) all experimentally transmitted E. stiedai from O. cuniculus to L. europaeus, and

Carvalho (1943) successfully transmitted E. neoleporis from S. floridanus to O. cuniculus.
2 Eimeria stiedai has been reported to occur naturally in several species of Sylvilagus, including S. audubonii, S. braziliensis, S. floridanus, and S.

nuttalli, but only Jankiewicz (1941) and Herman and Jankiewicz (1943) transmitted it fromO. cuniculus to S. audubonii and Hsu (1970) transmitted it

to S. floridanus.

(?) Not considered a valid parasite of Oryctolagus.
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INTRODUCTION

The “cottontail” rabbits include 17 species
that are distributed throughout North
(including Canada), Central, and South Amer-
ica, as far south as northern Argentina. In
appearance, the majority somewhat resemble
the wild European rabbit, Oryctolagus cuniculus
(Chapter 6) and, at one time, several other
rabbit genera (e.g., Brachylagus, Chapter 4)
were synonymized by Hall (1981) and treated
as subgenera of Sylvilagus. However, most
mammalogists now accept the taxonomic
scheme of Hoffmann and Smith (2005), which
we use here. Many Sylvilagus species are so
similar in appearance that even experts have

difficulty distinguishing them in the field, and
only careful examination of preserved speci-
mens, especially the cleaned skulls, is essential
for correct identification (Findley, 1987). Most
members of this genus have a short stub tail,
called a scut, that is brown above, but with
a white underside that shows prominently
when they are fleeing, thus giving them the
name “cottontails.” Most, but not all, species
in the genus raise altricial young in fur-lined
nests called forms.

Although similar in appearance, the rabbits in
this genus show great diversity in habitat selec-
tion. Some, like S. floridanus, are euryoecious
because they can be found in deserts, farmlands,
prairies, swamps, woodlands, and in hardwood,

FIGURE 7.1 The Mountain Cottontail rabbit, Sylvilagus nuttallii (Bachman, 1837).
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rain, and boreal forests, while other species
in the genus, for example S. palustris, must
be considered stenoecious, because they are
narrowly restricted to marshes and are limited
by the availability of water. The largest ranges
are those of males during the breeding season.
All species are terrestrial, although a few, like
S. nuttallii, are sometimes said to be semiarboreal
because they climb into juniper trees to feed.
Most species move by hopping a few cm up to
1 m at a time, but, when startled or frightened,
some can cover 3e5 m in the first several leaps,
and then hop shorter distances in a zigzag
manner at maximum speed of up to about 35
km/hr. At least one species, S. palustris, walks
instead of hopping and swims extensively; it is
believed that all species probably are capable
of swimming (Nowak, 1991).

Cottontails do not dig burrows, as far as is
known, but some species use burrows made
by other animals, while most seek shelter in
brush piles and shallow depressions in the soil
or vegetation and these may be connected by
regular trails. Females of most species dig holes
for nests, which the female lines with hair
plucked from her underside, and in which their
young are reared (Findley, 1987). The female
does not reside in the nest, but crouches above
it and the baby rabbits climb to the top of it to
nurse. Cottontails are usually nocturnal or
crepuscular, but sometimes are seen at all times
of the day and are active throughout the year
(and the coyotes are thankful for that). During
the winter they feed on the bark and twigs of
woody vegetation, but otherwise they eat
a wide variety of herbivorous vegetation. From
these diets, cottontails excrete two kinds of
feces: hard, brown fecal pellets, from which
their digestion has extracted almost all of the
nutrients, and soft greenish pellets, which are
re-ingested and provide them a supplement of
vitamin B (Nowak, 1991).

Most Sylvilagus species are solitary, but
males may congregate in small groups during
the breeding season to pursue a female in

estrous. The males of some species (e.g., S. flor-
idanus) will fight each other to establish domi-
nance hierarchies that determine mating
priorities, while the females exhibit far less
rigid hierarchies. In general, breeding varies
with latitude, beginning later in higher lati-
tudes and elevations and earlier in lower ones.
Some species also breed all year long, especially
in lower latitudes and altitudes, and most
species produce from two to seven litters each
year. Gestation varies from 27 to 42 days
depending upon the species, and litter size
can vary from one to a dozen babies. Babies
open their eyes in 4 to 7 days, are out of the
nest in about 14 days, and are weaned and inde-
pendent by 5 weeks of age. Individuals of some
species may be sexually mature by 11e12 weeks
and are capable of reproducing during their
first year of life, but most do not reproduce until
their second year.

Only four of 17 (23.5%) species in this genus
have been examined for coccidia and,
combined, they are reported to be host to 19
Eimeria species (Table 7.1), but not species
from other, related genera (e.g., Isospora, Cyclo-
spora). However, at least some of these survey
reports must certainly be incorrect as discussed
below.

HOST GENUS SYLVILAGUS
GRAY, 1867

EIMERIA AUDUBONII DUSZYNSKI
AND MARQUARDT, 1969

Type host: Sylvilagus audubonii (Baird, 1858),
Desert cottontail.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer County, near Ft. Collins.

Other hosts: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Geographic distribution: NORTH AMERICA:
USA: Colorado, Pennsylvania.
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Description of sporulated oocyst: Oocyst shape:
spheroidal to slightly ovoidal; number of walls:
2; wall thickness: ~1; wall characteristics: outer
is smooth, thin, yellow, of uniform thickness;
inner is distinctly greenish, becoming thin or
absent at the anterior end giving the appearance
of a M; L � W: 21.2 � 17.1 (15e25 � 13e20);
L/W ratio: 1.2 (1.0e1.5); M: indistinct if present,
but probably absent; OR, PG: both absent.
Distinctive features of oocyst: inner wall a dis-
tinct greenish color and thins at the slightly
ovoidal end.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal; L � W: 12.9 � 5.8
(10e15 � 4e8); L/W ratio: 2.2 (1.6e2.8); SB:
present; SSB, PSB, SR: all absent; SZ: comma-
shaped, with a small central N and large,
posterior RB. Distinctive features of sporocyst:
absence of SR.

Prevalence: In 38/100 (38%) in the type host; in
20/139 (14%) S. floridanus.

Sporulation: Exogenous. Oocysts were sporu-
lated after 5 days in 2.5% aqueous potassium
dichromate (K2Cr2O7) solution at 20�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from fecal contents.
Endogenous stages: Unknown.

Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Duszynski and Marquardt (1969)

said that sporulated oocysts of E. audubonii
somewhat resembled those of E. exigua Yakim-
off, 1934, of the European wild or domestic
rabbit, O. cuniculus, from the former USSR, E.
hungarica Pellérdy, 1956, of the European
hare, L. europaeus, from Hungary, and E. punja-
bensis Gill and Ray, 1960, of the Indian hare,
L. nigricollis, from India. However, their hosts
and geographic distributions are all spatially
isolated from each other, so it is very likely
they are all different species. The sporulated
oocysts of E. audubonii differ from those of E.
punjabensis by lacking a prominent OR; from
those of E. hungarica by being larger (21.2 �
17.1 vs. 14 � 13) and lacking one or two OR
granules; and from those of E. exigua by having
larger sporocysts with a SB (10e15 � 4e8 vs.
8e10 � 4e6). Wiggins et al. (1980) found this
species in S. floridanus in Pennsylvania, and
recorded its measurements as follows: sporu-
lated oocyst, 20.9 � 16.1 (17.5e24.5 � 12e21),
lacking a M, PG and OR and the sporocysts,
11 � 6 (10.5e13 � 5.5e7), lacking a SR, having
a RB in each SZ, ~3.5 wide, but they did not
mention the presence/absence of a SB, SSB,
PSB or N.

EIMERIA AZUL WIGGINS
AND ROTHENBACHER, 1979

Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Type locality: NORTHAMERICA: USA: Penn-
sylvania, no specific locality given in the orig-
inal description.

Other hosts: None to date.
Geographic distribution: NORTH AMERICA:

USA: Pennsylvania.
Description of sporulated oocyst: Oocyst shape:

ellipsoidal; number of walls: 1; wall thickness:

FIGURES 7.2, 7.3 Line drawing of the sporulated
oocyst of Eimeria audubonii from Duszynski and Marquardt,
1969, with permission of the Journal of Protozoology. Photo-
micrograph of a sporulated oocyst of E. audubonii from
Duszynski and Marquardt, 1969, with permission of the
Journal of Protozoology.
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~1; wall characteristics: smooth, thinner at
slightly pointed end (line drawing); L � W:
22.9 � 16.7 (19.5e27 � 15e19); L/W ratio:
1.3; M, OR, PG: all absent. Distinctive features
of oocyst: thin, one-layered, smooth wall with-
out a M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: fusiform; L � W: 11.8 � 5.8 (8e14
� 3e7); SB: present at pointed end; SSB, PSB:
both absent; SR: present; SR characteristics: scat-
tered or compact granules in midsection of
sporocyst or at one end; SZ: comma-shaped,
dark, lying lengthwise in sporocysts, with
central N and large RB at rounded end. Distinc-
tive features of sporocyst: fusiform shape.

Prevalence: In 8/70 (17%) of the type host
(Wiggins and Rothenbacher, 1979); 15/139
(11%) from the same host in 1980 (Wiggins
et al., 1980).

Sporulation: Exogenous. Oocysts sporulated
within 1 wk in 2.5% aqueous K2Cr2O7 solution.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces and intestinal contents.
Endogenous stages: Unknown.
Cross-transmission: None to date.

Pathology: Unknown.
Material deposited: None.
Remarks: Wiggins and Rothenbacher (1979)

compared the sporulated oocysts of E. azul to
those of other eimerians from Sylvilagus, Orycto-
lagus, and Lepus species and said it differed from
most by lacking a M. Its sporocysts differ from
those of E. audubonii by having a SR, which those
of E. audubonii lack, from oocysts of E. minima by
being larger (22.9 � 16.7 vs. 13.4 � 10.8), from E.
paulistana by being smaller (22.9 � 16.7 vs. 43 �
24), from E. perforans, E. hungarica, E. leporis, and
E. punjabensis by lacking anOR, from E. exigua by
being larger (22.9 � 16.7 vs. 15.7 � 13.0), and
from E. nagpurensis in size and shape of sporo-
cysts and by lacking a PG. Wiggins et al. (1980)
reported E. azul a second time from S. floridanus
in Pennsylvania and these had sporulated
oocysts, 21.9 � 16.6 (18e27 � 14.5e19), lacking
an OR, PG, and M, with sporocysts, 11.9 � 5.6
(10.5e13 � 5.5e7), lacking a SR, having SZ
with a distinct RB, ~3.5 wide, but with no
mention by Wiggins et al. (1980) of the pres-
ence/absence of a SB, SSB, PSB or N.

EIMERIA ENVIRON HONESS, 1939

Synonym: Eimeria perforans of Morgan and
Waller, 1940.

Type host: Sylvilagus nuttallii (Bachman, 1837),
Mountain cottontail.

Type locality: NORTH AMERICA: USA:
Wyoming, Albany County, near Agriculture
Experiment Station of the University of
Wyoming.

Other hosts: Sylvilagus audubonii (Baird, 1858),
Desert cottontail; Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Geographic distribution: NORTH AMERICA:
USA: Colorado (Duszynski and Marquardt,
1969); Illinois (Ecke and Yeatter, 1956); Iowa
(Carvalho, 1943); Pennsylvania (Wiggins et al.,
1980); Wisconsin (Dorney, 1962); Wyoming
(Honess, 1939; Honess and Winter, 1956).

FIGURE 7.4 Line drawing of the sporulated oocyst of
Eimeria azul from Wiggins and Rothenbacher, 1979, with
permission of the Journal of Parasitology.
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Description of sporulated oocyst: Oocyst shape:
elongate-ovoidal to broadly ellipsoidal; number
of walls: 2; wall thickness: ~1; wall characteris-
tics: smooth, of irregular thickness, being thin-
nest at end opposite M and thickest on sides
and around margin of M; L � W: 26.8 � 20.5
(22e30 � 16e23); L/W ratio: 1.3; M: present;
M characteristics: ~5e6 wide, distinct and vari-
able in appearance, sometimes appearing
convex and not disrupting the smooth contour
of the wall, and sometimes sunken into the
oocyst wall giving a flattened appearance; OR,
PG: both absent. Distinctive features of the
oocyst: distinct M with variable appearance.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal to elongate-ovoidal,
bluntly pointed at one end; L � W: 15.6 � 8.3
(12e18 � 7e9.5); L/W ratio: 1.9; SB: present;
SSB, PSB, SR: all absent; SZ: banana-shaped
with small central N and posterior RB. Distinc-
tive features of the sporocyst: no SR and sporo-
cysts bluntly pointed at one end.

Prevalence: Unknown in type host, S. nuttallii
(Honess, 1939); in 29/45 (64%) S. floridanus
from Iowa (Carvalho, 1943); 16/32 (50%) S. flor-
idanus from Illinois (Ecke and Yeatter, 1956);
150/161 (93%) from S. floridanus in Wisconsin

(Dorney, 1962); 52/58 (90%) S. audubonii from
Colorado (Duszynski and Marquardt, 1969);
102/139 (73%) S. floridanus in Pennsylvania
(Wiggins et al., 1980).

Sporulation: Exogenous. Minimum sporula-
tion time was 50 hr and the majority of oocysts
sporulated in 68e70 hr in 2% (potassium?)
dichromate solution (Honess, 1939), probably
at room temperature. Carvalho (1943) said spor-
ulation ranged from 48 to 75 hr and averaged 60
hr in 3% (w/v) K2Cr2O7maintained at 30�C, and
Duszynski and Marquardt (1969) reported that
most oocysts were sporulated after 5 days in
2.5% (w/v) K2Cr2O7 solution at 20�C.

Prepatent and patent periods: Prepatency is
6 days; patency is 15e18 days.

Site of infection: Small intestine (Carvalho,
1943).

Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) inocu-

lated five young and two adult domestic rabbits
(O. cuniculus) with 100,000 oocysts of E. environ,
but he was unable to show that infection took
place. Unfortunately, Carvalho (1943) did not
state the length of time that feces were examined
post-inoculation.

Pathology: Mildly pathogenic with loss of
weight and appetite, but no diarrhea; experi-
mental inoculations with 80,000 sporulated
oocysts were not lethal (Carvalho, 1943) for
five young S. floridanus.

Material deposited: None.
Remarks: The original description of this

species byHoness (1939) included a photomicro-
graph of a sporulated oocyst, but no line draw-
ing, and some of the descriptive features were
minimal. Carvalho (1943) reported sporulated
oocysts from Iowa cottontails (S. floridanus) as
ovoidal to broadly ellipsoidal, 25.7 � 18.5
(20e32.5 � 14e23), with a M, ~5e6 wide, but
lacking an OR and PG; the sporocysts were
ovoidal, 13e18.5 � 7e9.5, lacking a SB, but the
SZs had a large posterior RB. Duszynski and
Marquardt (1969) described sporulated oocysts
from S. audubonii from Colorado as elongate

FIGURES 7.5, 7.6 Line drawing of the sporulated
oocyst of Eimeria environ from Duszynski and Marquardt,
1969, with permission of the Journal of Protozoology. Photo-
micrograph of a sporulated oocyst of E. environ from Dus-
zynski and Marquardt, 1969, with permission of the Journal
of Protozoology.

7. COCCIDIA FROM SYLVILAGUS194



ovoidal, 25.4 � 18.3 (20e30 � 17e21), L/W ratio
1.4 (1.1e1.7), with a M, but lacking both OR and
PG; their sporocysts were ellipsoidal, 14.2 � 6.4
(12e17 � 6e8) with a L/W ratio 2.2 (1.9e2.8),
and possessed a small SB and SZs with one
posterior RB. Wiggins et al. (1980) examined
S. floridanus from Pennsylvania and said the
oocysts were 25.8 � 17.4 (19e35 � 11e24.5)
with a M, ~4.9 wide, but lacked an OR and PG;
their sporocysts were 13.1 � 6.4 (10e17.5 �
4.5e10), lacked a SR, and their SZs had a poste-
rior RB, ~4 wide, but no mention was made
about the presence/absence of SB, SSB, PSB.

EIMERIA EXIGUA YAKIMOFF, 1934
(FIGURES 6.4, 6.5)

Synonym: Eimeria exigua Type I of Yakimoff,
1934.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: Morgan and Waller (1940) said they
found spheroidal oocysts of E. exigua, about 14
wide, in 8/210 (4%) S. floridanus from Iowa,
but Carvalho (1943) thought these likely were
oocysts of E. minima, which he described as
new (1943), stating that E. exigua likely does
not exist in wild Sylvilagus species. Although
five eimerians from O. cuniculus have been
successfully cross-transmitted to S. floridanus
(Becker, 1933; Jankiewicz, 1941; Carvalho, 1943;
Herman and Jankiewicz, 1943), no one yet has
tried to transmit E. exigua to Sylvilagus species.
Thus, it is unknown whether or not E. exigua
can infect Sylvilagus species. See Chapter 6 for
the complete description of E. exigua.

EIMERIA HONESSI (CARVALHO,
1943) EMEND. LEVINE AND IVENS,

1972 AND PELLÉRDY, 1974

Synonyms: Eimeria media form honessi Car-
valho, 1943; variety of Eimeria media Kessel,

1929 of Honess, 1939; non Eimeria honessi
Landers, 1952.

Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Type locality: NORTH AMERICA: USA: Iowa,
Story County, near Ames.

Other hosts: Sylvilagus audubonii (Baird, 1858),
Desert cottontail; Sylvilagus nuttallii (Bachman,
1837), Mountain cottontail.

Geographic distribution: NORTH AMERICA:
USA: Colorado, Illinois, Iowa, Pennsylvania,
Wisconsin, Wyoming.

Description of sporulated oocyst: Oocyst shape:
ellipsoidal to ovoidal; number of walls: 1 or 2
(?); wall thickness: not stated in original descrip-
tion, but givenas~1byother authors;wall charac-
teristics: circular thickening surrounding the M;
L �W: 28.2 � 19.6 (24e33 � 17e24); L/W ratio:
1.4; M: present; M characteristics: lateral circular
thickening of the oocyst wall imparts a truncated
appearance to the oocyst; OR: present; OR
characteristics: ovoidal, well-defined, 5e14wide;
PG: absent. Distinctive features of oocyst: trun-
cated appearance at area of M and large OR.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal to elongate-ovoidal;

FIGURES 7.7, 7.8 Line drawing of the sporulated
oocyst of Eimeria honessi from Duszynski and Marquardt,
1969, with permission of the Journal of Protozoology. Photo-
micrograph of a sporulated oocyst of E. honessi from Dus-
zynski and Marquardt, 1969, with permission of the Journal
of Protozoology.
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L�W: 13.7� 7.6 (10e17� 7e10); L/Wratio: 2.3
(1.8e3.0); SB: present; SSB, PSB, SR: all absent;
SZ: banana-shaped with small central N and
one posterior RB. Distinctive features of sporo-
cyst: absence of SR.

Prevalence: Found in 3/45 (7%) S. floridanus,
the type host, from Iowa (Carvalho, 1943); in
24/139 (17%) S. floridanus from Pennsylvania
(Wiggins et al., 1980); in 47/58 (81%) S. audubonii
from Colorado (Duszynski and Marquardt,
1969); in 150/161 (93%) S. floridanus from Wis-
consin (Dorney, 1962); and in 3/32 (9%) S. flori-
danus from Illinois (Ecke and Yeatter, 1956,
although they called it E. media).

Sporulation: Exogenous. Minimum of about
45 hr, but most oocysts required at least 70 hr
(Honess, 1939). Oocysts sporulated after 5
days in 2.5% (w/v) aqueous K2Cr2O7 solution
at 20�C according to Duszynski and Marquardt
(1969).

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces and intestinal contents.
Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) gave a

“light dose” of sporulated oocysts to one
domestic rabbit, O. cuniculus, and no infection
resulted; unfortunately, he did not mention
any history of previous infection in this rabbit.

Pathology: Unknown.
Material deposited: None.
Remarks: This species was originally

described by Honess (1939) as a new variety of
E. media, but his description was minimal. Car-
valho (1943) called this eimerian “E. media
form honessi” and said, “Dimensions and char-
acteristics are the same as those given byHoness
(1939)” for E. media. Both Levine and Ivens
(1972) and Pellérdy (1974) proposed the current
name because protozoologists “do not agree
with the creation of lower taxons for coccidia.”
Thus, Carvalho’s (1943) eimerian becomes the
type species and its host, S. floridanus, is the
type host from Iowa. We refer to the descriptive
characters given by Duszynski and Marquardt

(1969), who found this form in S. audubonii
from Colorado. They described ovoidal oocysts
with a smooth outer wall of irregular thickness,
thinnest at the end opposite the M and thickest
on the sides and around the margin of the M,
which was variable in appearance, sometimes
appearing convex and not disrupting the
smooth contour of the oocyst wall, and some-
times sunken into the oocyst wall giving it a flat-
tened, truncated appearance. Their oocysts were
25.5 � 17.8 (19e33 � 14e21), L/W 1.4 (1.1e1.8),
with two wall layers, ~1 thick. The PB was
absent, but a spheroidal, well-defined OR was
2.6 wide. Sporocysts were ellipsoidal, 13.8 �
6.1 (10e18 � 4e8), L/W 2.3 (1.8e3.0), with
a small SB, but SSB, PSB, SR were all absent.
SZs were banana-shaped with a small central
N and a posterior RB. This species differs from
E. media in lacking a SR and in having a SB
and has an oocyst wall of two distinct layers.
Wiggins et al. (1980) examined S. floridanus
from Pennsylvania and said the oocysts were
27.1 � 17.6 (21e35 � 14e25.5) with a M, ~4.8
wide, and an OR, ~3.7 wide, but lacked a PG;
their sporocysts were 13.4 � 6.4 (11.5e17 �
4e8.5), lacked a SR, and their SZs had a posterior
RB, ~4.5 wide, but no mention was made by
Wiggins et al. (1980) about the presence/
absence of a SB, SSB, or PSB.

EIMERIA IRRESIDUA KESSEL
AND JANKIEWICZ, 1931
(FIGURES 6.10, 6.11)

Synonym: Eimeria elongataMarotel & Guilhon,
1941.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
by Kessel and Jankiewicz (1931) from southern
California, USA, and since that time it has
been reported in wild and domesticated rabbits
worldwide. Carvalho (1943) said he successfully
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transmitted E. irresidua experimentally to S. flor-
idanus in Iowa, with oocysts he isolated from the
tame rabbit; the prepatent period was 9 days
and the patent period varied from 8 to 17
days. Morgan and Waller (1940) said they found
E. irresidua in the majority of 210 cottontails, S.
floridanus, in Iowa, and that it had a large,
conspicuous M on oocysts that were 36.5 �
18.4 mm. See Chapter 6 for the complete descrip-
tion of E. irresidua.

EIMERIA LEPORIS NIESCHULZ,
1923 (FIGURES 5.26, 5.27)

Synonyms: non Eimeria leporis Nieschulz of
Morgan and Waller, 1940 and of Waller and
Morgan, 1941; Eimeria leporine Nieschulz, 1923
of Sugár et al. (1978).

Type host: Lepus europaeus Pallas, 1778, Euro-
pean hare.

Remarks: Morgan and Waller (1940) and Wal-
ler andMorgan (1941) reported oocysts from the
cottontail, Sylvilagus floridanus, in Iowa and
Wisconsin, under the name E. leporis; they said
the infection localized in the cecum, and that
oocysts averaged 36.6 � 18.8. However,
Carvalho (1943) argued, and we agree, that
they were actually seeing oocysts of E. neoleporis.
Nieschulz (1923), Pellérdy (1956), and Lucas
et al. (1959) were unable to infect the domestic
rabbit, O. cuniculus, with E. leporis isolated
from L. europaeus. Although Carvalho (1943)
did not have access to E. leporis oocysts, he
stated that, “all species from the jack rabbit
were fed to young tame rabbits and cottontails,
but results have shown that they are unable to
grow in either host.” Burgaz (1973) was unable
to transmit E. leporis oocysts from L. timidus to
O. cuniculus, but her paper must be viewed
with caution (Chapter 6). Thus, the validity of
E. leporis being able to infect Sylvilagus species
seems unlikely to us and needs to be verified
either by cross-transmission studies or by gene
sequencing or both. Until then, we maintain

the opinion that it is not a valid parasite of Syl-
vilagus species. See Chapter 5 for the complete
description of E. leporis.

EIMERIA MAGNA PÉRARD, 1925b
(FIGURES 6.12, 6.13)

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: This specieswas originallydescribed
from the domestic rabbit,O. cuniculus, by Pérard
(1925b) in France, but it has been found in wild
and domestic rabbits worldwide. Becker (1933)
said he was able to infect and produce clinical
coccidiosis (and death) with this species in
S. floridanus in Iowa, using oocysts isolated
from the tame rabbit. Morgan and Waller (1940)
said they found it in S. floridanus in Iowa and
that the oocysts were ovoidal, 34.8 � 24, with
a conspicuous M. Carvalho (1943) confirmed
Becker’s work by transmitting this species from
tame rabbits to S. floridanus, and said that
E. magna produced clinical coccidiosis in these
rabbits. From3e6daysPI, his cottontails showed
rough coats, loss of appetite, and softened fecal
pellets. The prepatent period was 4 days with
a patent period lasting 14 days. See Chapter 6
for the complete description of E. magna.

EIMERIA MAIOR HONESS, 1939

Type host: Sylvilagus nuttallii (Bachman, 1837),
Mountain cottontail.

Type locality: NORTH AMERICA: USA:
Wyoming, Albany County, near the Agriculture
Experiment Station of the University of
Wyoming.

Other hosts: Sylvilagus audubonii (Baird, 1858),
Desert cottontail; Sylvilagus floridanus (J.A.
Allen, 1890), Eastern cottontail.

Geographic distribution: NORTH AMERICA:
USA: California, Colorado, Iowa, Pennsylvania,
Wisconsin, Wyoming.
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Description of sporulated oocyst: Oocyst shape:
ovoidal, tapering slightly toward M; number
of walls: 2; wall characteristics: outer is yellow-
brown, rough, striated, and of uneven thickness,
being thinnest opposite M and thickest around
it; L �W: 47 � 31 (44e51 � 26e37); L/W ratio:
1.5; M: present; M characteristics: a distinct thin-
ning with a slight indentation of wall, ~8.5 wide;
OR: present; OR characteristics: variable size
and shape, commonly spheroidal, 2e8.5; PG:
absent. Distinctive features of oocyst: large
size, distinct M, and two-layered wall.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 21 � 10 (18e25 �
8e12); L/W ratio: 2.1; SB: present; SSB, PSB:
both absent; SR: present: SR characteristics:
well-defined, varying in shape from diffuse
granules to spheroidal to ovoidal; SZ: banana-
shaped with small central N and large, posterior
RB, and lie lengthwise head-to-tail in sporocyst.
Distinctive features of sporocyst: large size of
sporocyst and large posterior RB of SZ.

Prevalence: Unknown for type host; in 6/45
(13%) S. floridanus from Iowa (Carvalho, 1943);
in 36/100 (36%) S. audubonii from Colorado

(Duszynski and Marquardt, 1969); in 10/139
(7%) S. floridanus from Pennsylvania (Wiggins
et al., 1980); and in 13/161 (8%) S. floridanus
from Wisconsin (Dorney, 1962).

Sporulation: Exogenous. Minimum sporula-
tion time was 50 hr and the majority of oocysts
sporulated in 80 hr in 2% (potassium?) dichro-
mate solution (Honess, 1939; Herman and Jan-
kiewicz, 1943), probably at room (?)
temperature. Carvalho (1943) said sporulation
ranged from 70 to 95 hr and averaged 85 hr in
3% (w/v) K2Cr2O7 solution maintained at
30�C, and Duszynski and Marquardt (1969)
reported that most oocysts sporulated after 5
days in 2.5% (w/v) K2Cr2O7 solution at 20�C.

Prepatent and patent periods: Prepatency is 6e7
days and patency is 9e14 days with an average
of 11 days (Carvalho, 1943).

Site of infection: Unknown. Oocysts recovered
from intestinal contents.

Endogenous stages: Unknown.
Cross-transmission: Carvalho (1943) fed 50,000

sporulated oocysts of E. maior to three young
and two adult domestic rabbits (O. cuniculus),
but none developed infections.

Pathology: Non-pathogenic (Carvalho, 1943).
Material deposited: None.
Remarks: The original description of this

species byHoness (1939) included a photomicro-
graph of a sporulated oocyst, but no line
drawing and some of the descriptive features
were minimal. Carvalho (1943) reported on
sporulated oocysts from Iowa cottontails (S. flor-
idanus) as ovoidal, slightly tapered toward the
M, 48.4 � 29.5 (44e57 � 25e35), L/W 1.6, with
a M, ~8.5 wide, with an OR varying in size
and shape, ~4.2e7.1, but sometimes dispersed,
and lacking a PG; his sporocysts were ovoidal,
13e18 � 7e10, with a SB at the more pointed
end of the sporocyst; the SZs were banana-
shaped, with a central N and a small posterior
RB. Herman and Jankiewicz (1943) said they
found E. maior in S. audubonii vallicola in Califor-
nia; their oocysts were 41.8 � 26.5 (38e46 �
24e29) with a dark amber oocyst wall and

FIGURES 7.9, 7.10 Line drawing of the sporulated
oocyst of Eimeria maior from Duszynski and Marquardt,
1969, with permission of the Journal of Protozoology. Photo-
micrograph of a sporulated oocyst of E. maior from Dus-
zynski and Marquardt, 1969, with permission of the Journal

of Protozoology.
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a conspicuous M. Duszynski and Marquardt
(1969) described sporulated oocysts from S.
audubonii from Colorado as broadly ovoidal,
41.5 � 27.0 (37e51 � 24e35), L/W 1.5
(1.3e1.8), with a M, 3.8 (2e6) wide, and a well-
defined spheroidal OR, 4.4 (2e6) wide, but no
PG; their sporocysts were ovoidal, 22.1 � 8.5
(19e25 � 8e10) with a L/W ratio 2.6 (2.2e3.3),
with a small SB and a well-defined ovoidal
SR, ~2e9, and banana-shaped SZs with a central
N and a posterior RB. Wiggins et al. (1980)
examined S. floridanus from Pennsylvania and
said the oocysts were 42.6 � 24.8 (27e48 �
17.5e30) with a M, ~6.2 wide, and an OR, ~4.6
wide, but lacking a PG; their sporocysts were
18.1 � 8.0 (14e26 � 5.5e11) with a SR, ~4.2
wide, and their SZs had a posterior RB, ~5.5
wide, but no mention was made by Wiggins
et al. (1980) about the presence/absence of
a SB, SSB, PSB. According to Levine (pers.
comm.), the form found by Morgan and Waller
(1940) in S. floridanus in Iowa, and called E. pau-
listana by them, was probably E. maior (and Car-
valho, 1943).

EIMERIA MEDIA KESSEL &
JANKIEWICZ, 1931
(FIGURES 6.15, 6.16)

Type host: Oryctolagus cuniculus (L., 1758),
European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
by Kessel (1929) and Kessel and Jankiewicz
(1931). Based on oocyst morphology, Carvalho
(1943) reported finding it naturally in one
Eastern cottontail, S. floridanus, in Iowa. He
also said that he was able to cross-transmit E.
media from the domestic rabbit to S. floridanus
and that it produced an infection (prepatency
5e6 days, patent period 14e16 days), but
demonstrated no “symptomatology.” Ecke and
Yeatter (1956) reported finding this species in
3/32 (9%) S. floridanus from Illinois, and Dorney

(1962) reported finding it in 150/161 (93%)
S. floridanus from Wisconsin. See Chapter 6 for
the complete description of E. media.

EIMERIA MINIMA
CARVALHO, 1943

Synonym: Eimeria exigua Yakimoff, 1934 of
Morgan and Waller, 1940.

Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Type locality: NORTH AMERICA: USA: Iowa,
Story County, Ames.

Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

USA: Iowa, Pennsylvania.
Description of sporulated oocyst: Oocyst shape:

subspheroidal; number of walls: 1; wall charac-
teristics: of uniform thickness, colorless to
straw-tinged; L � W: 13.4 � 10.8 (11e15 �
9e14); L/W ratio: 1.2; M, OR: both absent; PG:
present. Distinctive features of oocyst: small
size, lack of OR and M, and presence of PG.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 6 � 2.5 (ranges not
given); L/W ratio: 2.4; SB: present; SSB, PSB:
both absent; SR: present; SR characteristics:

FIGURE 7.11 Line drawing of the sporulated oocyst of
Eimeria minima from Levine and Ivens, 1972, with permis-
sion of the Journal of Protozoology.
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distinct and granular; SZ: as usual, with very
small refractive granules (RB?). Distinctive
features of sporocyst: small size.

Prevalence: In 6/45 (13%) of the type host; in
8/210 (4%) S. floridanus from Iowa (under the
name E. exigua; see Morgan and Waller, 1940);
and in 3/139 (2%) S. floridanus from Pennsylva-
nia (Wiggins et al., 1980).

Sporulation: Exogenous. Oocysts sporulated
in 140e160 hr in both 3% (w/v) potassium
dichromate and/or in 2% formic acid (Carvalho,
1943).

Prepatent and patent periods: Prepatency 6
days, patent period is 12e16 days.

Site of infection: Small intestine.
Endogenous stages: Unknown.
Cross-transmission: Oocysts of this species

were not infective to two young domestic
rabbits, O. cuniculus (Carvalho, 1943).

Pathology: Unknown.
Material deposited: None.
Remarks: Gill and Ray (1960) reported E.

minima in the Indian field hare (Lepus ruficauda-
tus), but they were likely dealing with E. hungar-
ica (from Levine and Ivens, 1972). Mandal (1976)
also said he recovered oocysts of this species in
L. ruficaudatus from Punjab, India, with sub-
spheroidal oocysts that were 10e15.5 � 9e15,
without an OR, and with ovoidal sporocysts, 5
� 2.8, with a SR. There is no way to know which
species Mandal (1976) actually was dealing
with, but we do not believe it was E. minima.
In addition, due to the failure to cross-infect E.
minima into the domestic rabbits, O. cuniculus,
Carvalho (1943) felt that past reports on E. exi-
gua (fromOryctolagus) in S. floridanuswere prob-
ably referring to E. minima. Wiggins et al. (1980)
examined S. floridanus from Pennsylvania, and
said they found oocysts of E. minima that were
13 � 12 (12e14 � 11e12.5), lacking both a M
and OR, but with a PG; their sporocysts were
6.1 � 4.0 (4e11 � 3e5), with a SR, and their
SZs had a posterior RB, but no mention was
made by them about the presence/absence of
SB, SSB, PSB.

EIMERIA NEOIRRESIDUA
DUSZYNSKI AND

MARQUARDT, 1969

Type host: Sylvilagus audubonii (Baird, 1858),
Desert cottontail.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer County, near Ft. Collins.

Other hosts: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Geographic distribution: NORTH AMERICA:
USA: Colorado, Pennsylvania.

Description of sporulated oocyst: Oocyst shape:
ovoidal to ellipsoidal; number of walls: 2; wall
thickness: ~1; wall characteristics: outer is
smooth, irregular in thickness, being thinnest
at end opposite M and thickest on sides and
around margin of M; L � W: 25.7 � 17.9
(19e31 � 15e20); L/W ratio: 1.4 (1.2e1.75); M:
present; M characteristics: distinct and variable
in appearance, sometimes appearing convex
and not disrupting the smooth contour of the
oocyst wall, and sometimes sunken into the
oocyst wall giving the wall a flattened appear-
ance; OR, PG: both absent. Distinctive features
of oocyst: variable appearance of the M and
absence of OR and PG.

FIGURES 7.12, 7.13 Line drawing of the sporulated
oocyst of Eimeria neoirresidua from Duszynski and Mar-
quardt, 1969, with permission of the Journal of Protozoology.
Photomicrograph of a sporulated oocyst of E. neoirresidua

from Duszynski and Marquardt, 1969, with permission of
the Journal of Protozoology; sr - sporocyst residuum.
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Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal to ellipsoidal with bluntly
pointed end that contains the SB; L � W: 14.5
� 6.4 (11e18 � 6e8); L/W ratio: 2.3 (1.7e2.8);
SB: present as a thickening at pointed end;
SSB, PSB: both absent; SR: present; SR character-
istics: granular, diffuse to spheroidal or ellip-
soidal, up to 6 wide, but varied by being
present in 1e4 sporocysts in any single oocyst;
SZ: banana-shaped with small central N and
a large posterior RB. Distinctive features of
sporocyst: bluntly-pointed end of sporocyst
with SB and SR present in only 1e4 sporocysts
in any single oocyst.

Prevalence: In 20/58 (34%) of the type host
and in 46/139 (33%) S. floridanus from Pennsyl-
vania (Wiggins et al., 1980).

Sporulation: Exogenous. Oocysts were sporu-
lated after 5 days in 2.5% aqueous K2Cr2O7 solu-
tion at 20�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from cecal contents.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Duszynski and Marquardt (1969)

compared the sporulated oocysts of E. neoirresi-
dua to those of two eimerians to which they were
structurally similar: E. irresidua Kessel and Jan-
kiewicz, 1931, in the domestic rabbit, O. cunicu-
lus, from southern California, USA, and from
which it was described, and to those of E. pin-
toensis da Fonseca, 1932, from S. brasiliensis
from Brazil. They found that E. neoirresidua
oocysts differed from the former by being
smaller (25.7� 17.9 vs. 38.3� 25.6), by the shape
of the sporocysts, the presence of a SB, and the
irregularity in the occurrence of the SR. They
differed from those of the latter by having
slightly smaller sporocysts (12e14 � 5e7 vs.
11e18� 6e8) and by the presence of a SB, which
the sporocysts of E. pintoensis apparently lack.
Wiggins et al. (1980) examined S. floridanus

from Pennsylvania, and said they found oocysts
of E. neoirresidua that were 25.2 � 16.8 (20e35 �
12.5e23) with a M, ~4.7 wide, but lacking both
OR and PG; their sporocysts were 12.6 � 6.4
(10e17 � 5e7.5) with a SR, ~2.8 wide, and their
SZ had a posterior RB, ~4 wide, but no mention
was made by them about the presence/absence
of a SB, SSB, or PSB.

EIMERIA NEOLEPORIS
CARVALHO, 1942

Synonyms: Eimeria leporis Nieschulz of
Morgan and Waller, 1940, and Waller and
Morgan, 1941; Eimeria neoleporis Carvalho, 1943
of Gill and Ray, 1960 (lapsus calami); [non] Eime-
ria neoleporis Nieschulz, 1923; [non] Eimeria neo-
leporis Carvalho of Pellérdy, 1954a, 1965, 1974.

FIGURE 7.14 Line drawing of the sporulated oocyst of
Eimeria neoleporis from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.
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Type host: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.

Type locality: NORTH AMERICA: USA: Iowa,
Story County, near Ames.

Other hosts: Oryctolagus cuniculus (L., 1758)
(syn. Lepus cuniculus), European (domestic)
rabbit, both natural and experimental; Sylvilagus
audubonii (Baird, 1858), Desert cottontail.

Geographic distribution: ASIA: India (?);
NORTH AMERICA: USA: California, Iowa,
Illinois, Pennsylvania, Wisconsin.

Description of sporulated oocyst: elongate-
ellipsoidal to slightly cylindroidal, tapering
somewhat toward M; number of walls: 2; wall
characteristics: outer is pinkish-yellow, smooth,
and the same thickness throughout, but enlarges
noticeably toward M; L �W: 38.8 � 19.8 (33e44
� 16e23); L/W ratio: 2.0; M: present; OR, PG:
both absent. Distinctive features of oocyst:
distinct M.

Description of sporocyst and sporozoites:
Sporocyst shape: ellipsoidal; L � W: 17 �
8e9; SB: present: SSB, PSB: both absent; SR:
present; SR characteristics: large, occupy-
ing 1/3 of sporocyst; SZ: banana-shaped,
14e15.5 � 4e5, lying lengthwise head-to-tail
in the sporocysts, with a central N and one
clear RB at each end of SZ. Distinctive features
of sporocyst: length, presence of SB, and
large SR.

Prevalence: In 4/15 (27%) of the type host; in
12/45 (26%) in same host species a year later
(Carvalho, 1943); in 43/139 (24.5%) from Penn-
sylvania (Wiggins et al., 1980), in 10/32 (31%)
from Illinois (Ecke and Yeatter, 1956), and in
35/161 (22%) from Wisconsin (Dorney, 1962),
all in S. floridanus.

Sporulation: Exogenous. Oocysts sporulated
in 50 to 75 h, on average 60 hr, in 3% aqueous
K2Cr2O7 solution (Carvalho, 1942) or 48 hr (Her-
man and Jankiewicz, 1943).

Prepatent and patent periods: Prepatency is
11e14 days and the patent period is 8e16 days
(Carvalho, 1942) or 12 and 10 days, respectively
(Carvalho, 1944).

Site of infection: Localized in the ileo-cecal
valve and apical process of the cecum in exper-
imentally infected domestic rabbits.

Endogenous stages: Carvalho (1944) said he
was able to grow this species easily in over 65
tame/domestic rabbits, and from these he
described and drew, but did not measure,
most of the endogenous stages. Doses up to
600,000 oocysts were given to 18-day-old
coccidia-free O. cuniculus, which were then
killed every 48 hr until completion of the life
cycle. The first generation of young meronts
localized in the epithelial cells of the apical
process, mainly those at the bottom of the
crypts, but Carvalho (1944) reported that mature
meronts were principally in the tunica propria
of the mucous membrane, stating, “This migra-
tion of infected cells agrees with that described
by Matsubayashi (1934) and Cheissin (1940)
for certain other species in rabbits.” Mature
first-generation meronts contained 43e48 first-
generation merozoites around a central residual
mass, and these merozoites averaged 20.5 � 3,
and were found in smears until day 8 PI.
Second-generation meronts were completely
mature by day 7 PI with 59e72 merozoites that
measured 25.7 � 1.5 each, with one N and 4e5
“siderophilic” granules, and were found in the
intestinal lumen until 9 days PI. Carvalho
(1944) reported that third-generation meronts
were fully mature by 9 days PI and produced
two types of merozoites in the same meront,
14 smaller ones, 18 � 3.5, and 60e86 larger
ones, 31.5 � 1.5. His suggestion was that the
smaller ones continued into a fourth generation
of merogony, while the larger merozoites give
rise to gametocytes. Having made that sugges-
tion, Carvalho (1944) made no further mention
of the fourth-generation meronts, nor about
the number of merozoites it produced.

Gametocytes began their development
about 10 days PI and both macro- and microga-
metocytes completed their full development in
2 days. The microgametocyte N divided several
times to form spheroidal black bodies, which
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later elongated to become comma-shaped. By
day 12 PI, the microgametes were free in the
tissues and in the intestinal lumen; each had
two flagella at one end, ~0.6 long, and measured
3.5 � 0.5. Macrogametocytes were in the apical
process of the cecum and in the ileo-cecal valve,
where they occurred in large numbers forming
what Carvalho (1944) called oocyst nests. Car-
valho (1944) also noted that individual epithelial
cells harbored as many as 18 youngmacrogame-
tocytes, but that the average number in each
infected cell was three to five; Carvalho (1944)
suggested the name “oocystic nest-cell” to
describe epithelial cells with multiple infections.
Young oocysts were seen by day 11 PI, when
they passed into the cecal lumen and usually
remained there or in the large intestine for
24e36 hr before being passed in the feces.

Cross-transmission: Carvalho (1942) infected
26/26 tame rabbits, O. cuniculus, and said that
he obtained five consecutive passages through
this host. Ayear later he (Carvalho, 1943) stated,
“several infections were obtained with this
species when oocysts were fed to young tame
rabbits.” Finally, Carvalho (1944) said that 54
young domestic rabbits, all free from coccidia,
were infected with E. neoleporis oocysts and
that, “with the exception of one naturally
immune rabbit and a few old does and bucks,
all were susceptible.” To further confirm that
this species easily passes between genera, Car-
valho (1944) infected three S. floridanus, each
about 34 days old, with 150,000 oocysts from
the same culture as that administered to and
infective for the domestic rabbits, and all
became infected.

Pathology: Carvalho (1944) described the
pathogenic effects of this species. After day 5
PI in the domestic rabbit (O. cuniculus), the
apical process of the cecum became whitish,
enlarged, and showed hyperemic blood vessels.
The ileo-cecal valve was attacked more during
the later stages of infection, and Carvalho
(1944) saw some infections when it became so
enlarged “as almost to obstruct the passage of

intestinal contents to the large intestine and
cecum.” During the first 3 days of patency, the
cecal contents, large intestine, and fecal pellets
were hemorrhagic and the lumen was filled
with caseous material including merozoites
and leukocytes. Although Carvalho (1944) said
that the epithelial layer of the mucosa was badly
damaged during oocyst discharge, accompa-
nied by hemorrhage and massive number of
lymphocytes and eosinophils migrating into
the submucosa, he concluded that, at least in
the domestic rabbit, “In no case was loss of
weight noted, even with dosages as high as
150,000 oocysts, that diarrhea was also absent,
and that the only apparent symptomwas partial
loss of appetite during the 2 or 3 first days.”

Upon completing his cross-infection and
pathology studies, Carvalho (1944) concluded
that S. floridanus, the natural host for E. neolepo-
ris, showed a more marked susceptibility to the
parasite than did domestic rabbits. In support of
this conclusion, he pointed out that 2 days
before elimination of the first oocysts (from
three S. floridanus), they “became quiet, devel-
oped a rough coat and showed a marked loss
of appetite;” one had diarrhea 2 days after
oocysts were first seen in the feces, while the
other two had softened pellets for 4 days. In
the cottontail, the most evident symptom was
weight loss, in which one cottontail lost 50% of
its body weight. The other two cottontails lost
less weight from day 8 PI up to day 3 after
patency ended. In addition to weight loss in
the cottontails, the numbers of oocysts they
discharged were much greater, by at least
60%, than from the tame rabbits. And, given
the same dosages, cottontails lost weight dur-
ing infection, while domestic rabbits continued
to gain.

Material deposited: None.
Remarks: Carvalho (1942, 1943) compared

E. neoleporis to E. leporis and found that they
differ in their intestinal location and that their
sporulated oocysts differed by E. neoleporis
having a distinct M, which E. leporis lacked. In
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addition, he was able to infect the domestic
rabbit, O. cuniculus, with E. neoleporis. Carvalho
(1944) said that the localization of endogenous
stages he found in the rabbit intestine was the
same as that reported by Waller and Morgan
(1941) for E. leporis in cottontails and presumed
they were likely dealing with E. neoleporis.

Carvalho (1944) also looked at immunity that
developed in the domestic rabbit to infection
with E. neoleporis. His infections demonstrated
that domestic rabbits acquired total immunity
to E. neoleporis following an inoculation dose of
6,000 or more oocysts, while lighter doses only
led to partial immunity in the host. He also
looked at age resistance against E. neoleporis.
He infected four adult does and one buck,
each with 150,000 oocysts, and was unable
to demonstrate that they became infected.
However, similar infections given to young
domestic rabbits < 120 days old were positive.
In the natural cottontail host, there was no
evidence of age resistance to E. neoleporis, since
adult as well as young cottontails were readily
susceptible to infection, and Carvalho (1944)
found positive infections in field-captured
cottontails of all ages.

Pellérdy (1954a, 1965, 1974) found a
coccidium which he identified as E. neoleporis
in domestic rabbits in Hungary; he thought
that E. coecicola was a synonym of E. neoleporis,
but Cheissin (1968) showed that they were
different (although the arguments he presented
may not be convincing to everyone). Thus, Pel-
lérdy (1954a), according to Cheissin (1968),
was dealing with E. coecicola and not E. neolepo-
ris. Cheissin’s (1968) arguments were that these
are separate species that differ in oocyst length,
presence (E. coecicola) or absence (E. neoleporis)
of an OR, localization of the meronts in the
gut, the timing of endogenous development,
the length of the prepatent and patent periods,
and in their adaptation to different hosts (also
see Levine and Ivens, 1972).

Herman and Jankiewicz (1943) reported
E. neoleporis in S. a. vallicola in California; their

(Type III) cylindroidal oocysts were 31.5 � 16.7
(29e35 � 15e19), L/W 1.9, had an OR, ~2.5e3
wide, and had a delicate M. Mandal (1976)
said he recovered oocysts of this species in Lepus
sp. from Punjab, India, with ellipsoidal oocysts
that were 30e54 � 16e22, without an OR, and
with ovoidal sporocysts, 16.5 � 8, with a SR.
Finally, Wiggins et al. (1980) examined S. florida-
nus from Pennsylvania, and said they found
oocysts of E. neoleporis that were 38.1 � 18.4
(28e46 � 12e26.5) with a M, ~5.5 wide, and
with an OR, ~1.6, but lacking a PG; their sporo-
cysts were 15.7 � 7.2 (13.5e20 � 6e10) with
a SR, ~5.1 wide, and their SZs had a posterior
RB, ~4.5 wide, but no mention was made by
Wiggins et al. (1980) about the presence/
absence of a SB, SSB, or PSB.

EIMERIA PAULISTANA DA
FONSECA, 1933

Type host: Sylvilagus brasiliensis (L., 1758) (syn.
Sylvilagus minensis Thomas, 1913), Tapeti or
Brazilian cottontail.

FIGURE 7.15 Line drawing of the sporulated oocyst of
Eimeria paulistana from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.
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Type locality: SOUTH AMERICA: Brazil: São
Paulo.

Other hosts: None to date.
Geographic distribution: SOUTH AMERICA:

Brazil.
Description of sporulated oocyst: Oocyst shape:

elongate-ellipsoidal, flattened at M end; number
of walls: 3; wall characteristics: outer is trans-
versely striated and thicker near M, middle is
“relatively thick,” and inner layer is thin and
adherent to middle layer; L � W: 43 � 23
(40e43 � 23e24); L/W ratio: 1.9; M: present;
M characteristics: distinct, broad, at end of
oocyst where the wall thins dramatically; OR,
PG: both absent. Distinctive features of oocyst:
oocyst wall with three distinct layers, with outer
being striated; wall thins to a membrane-like
structure at end with the M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 15. � 7.5 (ranges
not given); L/W ratio: 2.1; SB: likely is present,
but small; SSB, PSB: both absent; SR: present;
SR characteristics: scattered granules lying
between the SZs (line drawing); SZ: elongate,
comma-shaped, lying lengthwise head-to-tail
in sporocyst with 1e2 clear RB in each SZ.
Distinctive features of sporocyst: tiny SB.

Prevalence: Not given for definitive host.
Sporulation: Exogenous. Oocysts sporulated

in ~5 days at 19e21�C.
Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.
Endogenous stages: Unknown.
Cross-transmission: Da Fonseca (1933) was

unable to infect the domestic rabbit with this
species.

Pathology: Unknown.
Material deposited: None.
Remarks: The oocysts of this species are close

in size to those of E. maior (43 � 23 [40e43 �
23e24] vs. 47 � 31 [44e51 � 26e37]), but lack
an OR, which those of E. maior clearly possess;
few other oocyst or sporocyst structures are
very similar. The species recorded under this

name from 4/210 (2%) S. floridanus in Iowa,
by Morgan and Waller (1940), was probably
E. maior (see Carvalho, 1943).

EIMERIA PERFORANS
(LEUCKART, 1879) SLUITER
AND SWELLENGREBEL, 1912

(FIGURES 6.19, 6.20)

Synonyms: Coccidium cuniculi Rivolta, 1878;
Coccidium perforans Leuckart, 1879; Eimeria
nana Marotel and Guilhon, 1941; Eimeria lugdu-
numensis Marotel and Guilhon, 1942.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: This species was originally des-
cribed from the domestic rabbit, O. cuniculus,
in Europe. Carini (1940) reported finding E. per-
forans in S. brasiliensis from Brazil, and Morgan
and Waller (1940) said they found ellipsoidal
oocysts of this species in the majority of 210
S. floridanus in Iowa, with an average size of
26.4 � 16.2 mm. Carvalho (1943) successfully
transmitted this species from the domestic
rabbit to three young cottontails, S. floridanus.
Herman and Jankiewicz (1943) reported this
species in S. a. vallicola collected on the San Joa-
quin Experimental Range in California. Ecke
and Yeatter (1956) reported finding this species
in 6/32 (19%) S. floridanus from Illinois, but their
tentative identification was based on unsporu-
lated oocysts! See Chapter 6 for the complete
description of E. perforans.

EIMERIA PINTOENSIS DA
FONSECA, 1932

Type host: Sylvilagus brasiliensis (L., 1758) (syn.
Sylvilagus minensis Thomas, 1913), Tapeti or
Brazilian cottontail.

Type locality: SOUTH AMERICA: Brazil:
Butantan, São Paulo.

Other hosts: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail.
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Geographic distribution: SOUTH AMERICA:
Brazil; NORTH AMERICA: USA: Illinois.

Description of sporulated oocyst: Oocyst shape:
ovoidal; number of walls: 1; wall characteristics:
smooth, narrowing toward M end, yellowish-
green; L � W: 23.5 � 15.5 (23e25.5 � 15e16);
L/W ratio: 1.5; M: present; M characteristics:
indistinct, especially in unsporulated oocysts;
OR, PG: both absent. Distinctive features of
oocyst: indistinct M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ovoidal; L � W: 12e14 � 5e7; SB,
SSB, PSB: all absent; SR: present; SR characteris-
tics: only a few granules between SZs; SZ: elon-
gate, lying head-to-tail in sporocyst and having
one RB at large end. Distinctive features of
sporocyst: absence of SB.

Prevalence: Unknown in type host; in 4/32
(12.5%) S. floridanus (?) from Illinois (Ecke and
Yeatter, 1956).

Sporulation: Exogenous. Oocysts sporulated
in 2 days.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from feces.

Endogenous stages: Unknown.
Cross-transmission: Da Fonseca (1932) was

unable to infect the domestic rabbit with this
species.

Pathology: Unknown.
Material deposited: None.
Remarks: Da Fonseca (1932) noticed that the

oocysts increased in length slightly during spor-
ulation from 21.5e25.5 to 23e26.5. As far as we
can tell, this species has not been described from
any other hosts since its original description.
The evidence for this species occurring in S. flor-
idanus (from Illinois, or elsewhere) is question-
able because the report of its occurrence in
North American cottontails was based on
unsporulated oocysts (Ecke and Yeatter, 1956)!

EIMERIA POUDREI DUSZYNSKI
AND MARQUARDT, 1969

Type host: Sylvilagus audubonii (Baird 1858),
Desert cottontail.

Type locality: NORTH AMERICA: USA: Colo-
rado, Larimer County, near Ft. Collins.

FIGURE 7.16 Line drawing of the sporulated oocyst of
Eimeria pintoensis from Levine and Ivens, 1972, with
permission of the Journal of Protozoology.

FIGURES 7.17, 7.18 Line drawing of the sporulated
oocyst ofEimeria poudrei fromDuszynski andMarquardt, 1969,
with permission of the Journal of Protozoology. Photomicro-
graph of the sporulated oocyst of Eimeria poudrei from Dus-
zynski and Marquardt, 1969, with permission of the Journal of
Protozoology; sr - sporocyst residuum; or - oocyst residuum.
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Other hosts: None reported to date.
Geographic distribution: NORTH AMERICA:

USA: Colorado.
Description of sporulated oocyst: Oocyst shape:

ovoidal to ellipsoidal; number of walls: 2; wall
thickness: ~1; wall characteristics: smooth outer
wall of irregular thickness, thinnest at end oppo-
site M and thickest on sides and around margin
of M; L �W: 26.0 � 18.1 (20e31 � 15e21); L/W
ratio: 1.4 (1.2e1.8); M: present; M characteristics:
distinct and variable in appearance, sometimes
appearing convex, not disrupting the smooth
contour of the oocyst wall and sometimes
sunken into oocyst wall giving a flattened
appearance; OR: present; OR characteristics:
well-defined, granular, diffuse to spheroidal,
2e6 wide; PG: absent. Distinctive features of
oocyst: presence of distinct OR and M.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal to ovoidal with bluntly
pointed end that contains the SB; L � W: 14.4
� 6.4 (10e18 � 6e8); L/W ratio: 2.3 (1.7e2.8);
SB: present; SSB, PSB: both absent; SR: present;
SR characteristics: well-defined, granular, round
to ellipsoidal, 1e5 wide, and varies by being
present in 1e4 sporocysts of a single oocyst;
SZ: banana-shaped with small central N and
a posterior RB. Distinctive features of sporocyst:
irregularity in the presence of a SR.

Prevalence: In 13/58 (22%) in the type host.
Sporulation: Exogenous. Oocysts were sporu-

lated after 5 days in 2.5% (w/v) aqueous
K2Cr2O7 solution at 20�C.

Prepatent and patent periods: Unknown.
Site of infection: Unknown. Oocysts recovered

from cecal contents.
Endogenous stages: Unknown.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Sporulated oocysts of E. poudrei

resemble, in shape and size, those of E. matsu-
bayashii Tsunoda, 1952, described from the
domestic rabbit,O. cuniculus, in Japan. However,
they differ from those of E. matsubayashii by the

irregular occurrence of the SR in only some of
the sporocysts, and by the size of the sporocysts
(14.4 � 6.4 vs. 7 � 6; see Levine and Ivens, 1972).
Also, the two species are isolated from each
other by host and continent.

EIMERIA STIEDAI (LINDEMANN,
1865) KISSKALT AND HARTMANN,

1907 (FIGURES 6.25, 6.26)

Synonyms: Psorospermium oviforme Remack,
1854; Monocystis stiedae Lindemann, 1865; Psoro-
spermium cuniculi Rivolta, 1878; Coccidium ovi-
forme Leuckart, 1879; Eimeria oviformis
(Leuckart, 1879) Fantham, 1911.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: This species was originally
described from the domestic rabbit,O. cuniculus,
by Lindemann (1865). Species of both Sylvilagus
(cottontails) and Lepus (hares) have been
reported to be infected with E. stiedai either
naturally or experimentally or both. Thus, it
seems that this is the only eimerian that can
infect all three genera, although in Lepus and
Sylvilagus species it seems to be rare in nature.
It should be noted that at least some of these
early reports are probably erroneous. For
example, Harkema (1936) reported finding E.
stiedai in “white cysts in the liver” of 15/41
(37%) S. floridanus from the Duke Forest,
Durham County, North Carolina, but provided
no measurements, line drawing, or photo-
graphic evidence of the structure and composi-
tion of the sporulated oocyst. Honess and
Winter (1956) reported finding E. stiedai in S.
nuttallii in Carbon County, Wyoming, but gave
little descriptive information. Jankiewicz (1941)
and Herman and Jankiewicz (1943) reported
experimental infection of S. audubonii with E.
stiedai, and Hsu (1970) infected four S. floridanus
from Iowa with oocysts of E. stiedai recovered
from O. cuniculus; he said the prepatent period
in the cottontails was 19e20 days with a patent

EIMERIA STIEDAI (LINDEMANN, 1865) KISSKALT AND HARTMANN, 1907 207



period of 12e14 days. Hsu (1970) found that it
was highly pathogenic for this cottontail, and
that sporulated oocysts from cottontails were
similar in size and structure to those from
domestic rabbits. He then took sporulated
oocysts from S. floridanus and reported they
were infective to O. cuniculus, thus completing
Koch’s postulates. See Chapter 6 for the
complete description of E. stiedai.

EIMERIA SYLVILAGI CARINI, 1940

Type host: Sylvilagus brasiliensis (L., 1758),
Tapeti or Brazilian cottontail.

Type locality: SOUTH AMERICA: Brazil: São
Paulo.

Other hosts: Sylvilagus floridanus (J.A. Allen,
1890), Eastern cottontail; Lepus nigricollis F. Cuv-
ier, 1823 (syn. L. ruficaudatus Geoffroy, 1826) (?),
but this seems unlikely.

Geographic distribution: ASIA: India (?);
NORTH AMERICA: USA: Illinois, Iowa, Penn-
sylvania, Wisconsin; SOUTH AMERICA: Brazil:
São Paulo.

Description of sporulated oocyst: Oocyst shape:
ovoidal to ellipsoidal; number of walls: 2; wall
characteristics: outer is smooth, with transverse
striae (Carini, 1940) or not (Carvalho, 1943),
inner is yellow-brown, thickened around end
with M; L � W: 26e28 � 15e16 in original
description; M: present; M characteristics: ~6
wide; OR, PG: both absent. Distinctive features
of oocyst: wide M and horizontal striations in
the oocyst wall.

Description of sporocyst and sporozoites: Sporo-
cyst shape: ellipsoidal; L �W: 15.5 � 6e7 (orig-
inal description); SB: present, large; SSB, PSB:
both absent; SR: present; SR characteristics:
granules of varying sizes scattered among or
over SZs; SZ: banana-shaped, lying head-to-
tail in sporocyst, with a clear RB at one end,
~4 wide, and a central N. Distinctive features
of sporocyst: large SB and SR consisting of gran-
ules of varying size.

Prevalence: Unknown in type host; in 12/45
(26%) S. floridanus in Iowa (Carvalho, 1943);
13/139 (9%) S. floridanus in Pennsylvania (Wig-
gins et al., 1980); 10/32 (31%) S. floridanus in Illi-
nois (Ecke and Yeatter, 1956); and 10/161 (6%) S.
floridanus in Wisconsin (Dorney, 1962).

Sporulation: Exogenous. 55e80 hr, average 65
hr (Carvalho, 1943); in ~3 days (Carini, 1940); 96
hr at 20�C, 72 hr at 25�C, 60 hr at 30�C in 2.5%
(w/v) aqueous K2Cr2O7 solution (Hsu, 1970);
or 2e3 days (Mandal, 1976).

Prepatent and patent periods: Prepatency is 6e8
days (Hsu, 1970), and patent period is 6e18
days (Carini, 1940), 6e10 days (Hsu, 1970) or
7e8 days and 14e18 days (Carvalho, 1943).

Site of infection: Small intestine (Carvalho,
1943), in the epithelial cells in both the distal
and proximal parts of the villi and in the
lamina propria of the jejunum and ileum
(Hsu, 1970).

Endogenous stages: Hsu (1970) divided intes-
tines from rabbits he infected into six equal
parts (1e6) from the pylorus to the ileo-cecal
valve and found two asexual generations. The
first-generation meronts, most numerous in

FIGURE 7.19 Line drawing of the sporulated oocyst of
Eimeria sylvilagi from Levine and Ivens, 1972, with permis-
sion of the Journal of Protozoology.
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sections 2e4 of the intestine, were seen first in
cells at 24 hr PI, they matured 4e5 days PI,
measured 3e4 � 4e7, and produced 2e14
curved, banana-shaped merozoites that were 9
� 2 (7e14 � 1.5e3), pointed at both ends, and
were usually arranged parallel to each other in
their meronts, but sometimes appeared
randomly arranged; in both instances, there
was no RB in the mature first-generation mer-
ont. Most first-generation meronts were present
96e120 hr PI, while some were still present at
144 hr PI. When released from this meront, the
merozoites penetrated other epithelial cells to
give rise to second-generation meronts, most
numerous in sections 4e6 of infected intestines.
Mature second-generation meronts varied
greatly in size (in tissue sections) and were 20
� 14 (12e35 � 6e23) and produced 3e86 mero-
zoites that were 12 � 3 (10e15 � 2e4), and were
most prevalent 7e8 d PI. Mature gamonts,
like the second-generation meronts, were most
numerous in sections 4e6 of infected intestines.
Microgametocytes were spheroidal, 10e26 �
9e25, and produced many bi-flagellated micro-
gametes, ~3 � 0.4. Mature macrogametocytes
were found 6 days PI, and measured 15e26 �
10e12. Multiple parasitism of three to five gam-
onts was commonly seen in a single host cell,
but no endogenous stages ever were found in
the cecum, colon, or other organs examined
(Hsu, 1970)

Cross-transmission: Hsu (1970) was unable to
transmit this species from S. floridanus to the
domestic rabbit, O. cuniculus.

Pathology: Carvalho (1943) saw no signs of
pathology in S. floridanus infected with this
species. Hsu (1970) said that its pathogenicity
was “nil to slight,” but noted slight diarrhea
and some traces of mucus in one cottontail
infected with 225,000 sporulated oocysts. In
the experimentally infected rabbits he used to
study endogenous development, he said,
“bloody fluid containing red blood cells and
other cells were found in the small intestinal
lumen 6 and 7 days after inoculation with

350,000 oocysts,” and “hyperemia of the villi
and laminal (sic) propria or subepithelial layer,
destruction of much (sic) superficial epithelial
cells by sexual stages of the parasite, and dear-
rangement (sic) and necrosis of intestinal epithe-
lium were observed.”

Material deposited: None.
Remarks: The original description of E. sylvi-

lagi by Carini (1940) was marginal at best,
although he did provide a line drawing. Subse-
quent studies (e.g., Carvalho, 1943) provided
significantly more detail. Carvalho (1943)
described the oocysts as 29 � 17.5 (22.5e31 �
15e20), L/W 1.6, lacking an OR and a PG,
with ellipsoidal sporocysts 14.5 � 7, with
a SB and a SR. Hsu (1970) said sporulated
oocysts were ovoidal to ellipsoidal with two
wall layers, ~1.7 thick, and measured 30 � 20
(26e35 � 18e21), L/W ratio 1.7, with a M, ~6
wide; OR present, but PG absent; sporocysts
ellipsoidal, 18 � 9 (16e20 � 9e10), with SR
as a round mass of large granules; SB present;
SZ banana-shaped, pointed at one end, 15 �
2.4 (13e17 � 2e3) each with a posterior RB,
central N, and a smaller anterior RB. Wiggins
et al. (1980) examined S. floridanus from Penn-
sylvania and said they found oocysts of
E. sylvilagi that were 29.6 � 18.3 (24e37 �
16e26.5) with a M, ~5.4 wide, and lacking an
OR or a PG; their sporocysts were 15.1 � 7.0
(12e19.5 � 5.5e7.5) with a SR, ~4.3 wide, and
their SZ had a posterior RB, ~5 wide, but
they made no mention about the presence/
absence of a SB, SSB, or PSB. Hsu (1970)
reported that an OR is present soon after spor-
ulation, but that is gets smaller and later
disappears.

Gill and Ray (1960) said they found E. sylvi-
lagi in the Indian hare, Lepus nigricollis, in India,
but this seems unlikely to us, and their report
must be verified. Likewise, Mandal (1976)
said he recovered oocysts of E. sylvilagi in
L. nigricollis from Kashipur, India, with ovoidal
oocysts that were 21e39 � 16.2, without an
OR, and had ovoidal to ellipsoidal sporocysts,
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16 � 7, with a SR. Its true identity and validity
in Lepus species needs to be verified either by
cross-transmission studies or by gene sequenc-
ing or both; thus, at present, we do not believe
E. sylvilagi to be a valid parasite of any Lepus
species.

SPECIES INQUIRENDAE (3)

Type IV Eimeria Herman and
Jankiewicz, 1943

Original host: Sylvilagus audubonii (Baird,
1858), Desert cottontail.

Remarks: Herman and Jankiewicz (1943)
examined 44 S. a. vallicola on the San Joaquin
Experimental Range in California for parasites.
They reported 43/44 (98%) to be infected with
one or more intestinal species of Eimeria. They
said this form, “differs from species reported
in rabbit-like mammals (Lagomorpha) and
only distantly resembles E. exigua Yakimoff.”
The oocysts were reported to be delicate
pink, ovoidal, 17.5e20.0 � 13.9e15.6, with an
inconspicuous, convex M, lacked an OR, and
sporulated completely in 30 hr. It is not clear
to us whether the oocysts actually sporulated
completely since they only said that, “each
sporocyst contains many residual granules,”
which indicates to us they were not fully
developed.

Type V Eimeria Herman and
Jankiewicz, 1943

Original host: Sylvilagus audubonii (Baird,
1858), Desert cottontail.

Remarks: As noted, Herman and Jankiewicz
(1943) examined 44 S. a. vallicola on the San Joa-
quin Experimental Range in California for para-
sites. Their Type V oocysts differed from their
Type IV by lacking a M and being narrower.
They found no OR in “the jelly of the sporulated
oocysts,” which they reported to measure

15.3e21.0 � 11.6e13.9. No other information
was provided.

Type VI Eimeria Herman and
Jankiewicz, 1943

Original host: Sylvilagus audubonii (Baird,
1858), Desert cottontail.

Remarks: Herman and Jankiewicz (1943) said
these oocysts were recovered from the caeca of
3/44 (7%) S. a. vallicola on the San Joaquin
Experimental Range in California. They
described these oocysts as light amber with the
end opposite the M to be narrow or pointed.
These oocysts measured 33 � 21 (29e37 �
19e22.5), lacked an OR, sporocysts had
a distinct, rounded SR and the oocysts sporu-
lated in 48 hr. They said this type VI, “differs
from E. irresidua of the domestic rabbit in being
smaller, slightly narrower, more rapid in its
sporulation, and in possessing rounded intra-
residual bodies.” No other information was
provided.

DISCUSSION AND SUMMARY

Coccidia and Coccidiosis in Cottontail
Rabbits

Of the 17 eimerians known to be able to infect
cottontail rabbits, we know nothing about the
ability, or not, of 10 of these to cause pathology
because we don’t know where they live in the
gut (E. audubonii, E. azul, E. honessi, E. irresidua,
E. minima, E. neoirresidua, E. paulistana, E. perfo-
rans, E. pintoensis, E. poudrei). Four species,
which have Sylvilagus species as their type
hosts, can either be pathogenic, even to the point
of causing death (E. environ and E. neoleporis), or
non-pathogenic (E. maior, E. sylvilagi), as far as
we know now. Finally, of the three species that
have O. cuniculus as their type host, but also
can infect Sylvilagus, one seems to be completely
non-pathogenic (E. media), while the other two
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can cause serious pathology and even death
(E. magna, E. stiedai).

Site and Host Specificity in Sylvilagus

Site Specificity

Of the 12 eimerians for which Sylvilagus
species are the type host, we know precious
little about site specificity. We know only that
E. environ and E. minima both live “in the small
intestine” (Carvalho, 1943), but nothing else.
We also know that E. sylvilagi localizes in the
small intestine (Carvalho, 1943) and, according
to Hsu (1970), within the epithelial cells of
both the distal and proximal parts of the villi
and in the lamina propria of the jejunum and
ileum.

We also know that E. neoleporis localizes in the
ileo-cecal valve and apical process of the cecum
in experimentally infected domestic rabbits
(Carvalho, 1944). We know nothing about where
the other eight species live within the gut of
cottontails.

Host Specificity

Metcalf (1929) was among the first to suggest
that parasites, especially coccidia like Eimeria
and Plasmodium species, could be a potential
tool in helping to assess evolutionary and
phylogenetic affinities of their hosts because of
their (presumed) relatively high degree of host
specificity. For example, Duszynski et al. (1977)
used structural characters of oocysts from
muskoxen, Ovibos moschatus, and suggested
eimerian oocysts from muskoxen were more
similar to those described from members of
the subfamily Caprinae (antelope, goats, ibex,
sheep, serow, others) than to those described
from other subfamilies of the Bovidae; this put
them in agreement with Simpson’s (1945) place-
ment of muskoxen within the Caprinae, a view
that is still maintained today (Wilson and
Reeder, 2005).

Samoil and Samuel (1981) were the first to
suggest the use of coccidia as indicators of

phylogenetic relationships specifically for
members of the order Lagomorpha. Using their
review of the literature through 1980, they
explored the possibility that the Eimeria species
found in the lagomorph genera Lepus, Sylvila-
gus, and Oryctolagus might be useful indicators
of the phylogenetic relationships between these
host genera. This was long before the develop-
ment of molecular tools, so at the time there
only were three useful characteristics that could
be used to distinguish between Eimeria species:
oocyst morphology, host specificity, and the
location, number, structure, and timing of
endogenous stages in the definitive host. Since
the location of endogenous stages and their
timing were known for only a couple of rabbit
coccidia at that time, they concentrated their
comparative efforts on oocyst morphology and
host specificity.

Samoil and Samuel (1981) compared both
qualitative (presence/absence) and quantitative
(mensural) oocyst and sporocyst characters
from 12 Eimeria species, each from Sylvilagus
and Oryctolagus, and 19 Eimeria species from
Lepus, and found “no clear-cut characters of
oocysts of Eimeria that connect one host genus
more closely with another . within the lepor-
ids.” However, their review of the literature on
cross-transmission work between host species
in different lagomorph genera, although mixed
(and incomplete), was potentially more
informative.

Becker (1933) was able to infect S. floridanus
with oocysts of E. magna from the domestic
rabbit, O. cuniculus; Carvalho (1943) confirmed
Becker’s work and extended it to other species
from the domestic rabbit (E. irresidua, E. media,
E. perforans) that he successfully transmitted to
Sylvilagus. Jankiewicz (1941) experimentally
transmitted E. stiedai from the domestic rabbit
to four young S. audubonii and all acquired the
parasite, but Carvalho (1943) was unable to
confirm this. Herman and Jankiewicz (1943)
also said they transferred E. stiedai to cottontails.
Thus, to date, five eimerians, E. irresidua,
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E. magna, E. media, E. perforans, and E. stiedai,
have been transmitted to Sylvilagus species
from the tame rabbit (O. cuniculus), but only
one, E. neoleporis, has been transmitted from Syl-
vilagus to O. cuniculus (Table 7.1). On the other
hand, at least seven Eimeria species (E. environ,
E. honessi, E. maior, E. minima, E. paulistana, E.
pintoensis, E. sylvilagi) collected from Sylvilagus
were unable to infect the domestic rabbit, O.
cuniculus. To our knowledge, there are no
reports yet of Eimeria species from Sylvilagus
(for which they are the type host) being success-
fully transmitted to any Lepus species, although
a number of attempts have been made (see
Samoil and Samuel, 1981, for partial review).

From earlier studies available to them, Samoil
and Samuel (1981), and others (Carvalho, 1943,
1944; Pellérdy, 1956), suggested that the genus
Sylvilagus is more closely related phylogeneti-
cally to Oryctolagus than either is to Lepus. Inter-
estingly, recent molecular work using
retroposon insertions have shown that, indeed,
Sylvilagus and Oryctolagus are more closely
related to each other than either is to Lepus,
which appears to be its own monophyletic
group (Kriegs et al., 2010). Given the ability of
at least one eimerian from Sylvilagus to readily
infect Oryctolagus and at least five species from
Oryctolagus being able to infect Sylvilagus, one
wonders why these (and/or other) eimerians
are not regularly/naturally found in species of
both genera. Carvalho (1943) suggested it may
simply be due to lack of contact between the
species of both genera.

Prevalence of Eimerians in Cottontails

The coccidia are an extremely ancient lineage
of protists, estimated to have diverged about 824
million years ago, long before the divergence of
reptiles, birds, and mammals (Escalante and
Ayala, 1995). When the progenitors of verte-
brates finally arrived on land, they likely
brought their coccidian parasites with them;
thus, these parasites and their hosts have had

a long time to evolve together. Some vertebrates,
like rodents, underwent rapid speciation, and
their parasites either kept pace or they disap-
peared. Other vertebrates, like the lagomorphs,
remained morphologically and chromosomally
conservative, which may have given time for
speciation of their parasites to outpace that of
their hosts. Based on numerous surveys con-
ducted with and by his students and colleagues,
Duszynski (1986) was the first to notice that
coccidia infections in mammals seemed to differ
from host group to host group, which allowed
him to place hosts into three categories accord-
ing to the prevalence and intensity of their
coccidia infections: (1) hosts with a high preva-
lence of infection, with most individuals
harboring two or more coccidia whenever they
were examined; host groups in this category
include rabbits and moles; (2) hosts with a low
prevalence of infection, with most hosts in
a population being uninfected, while only
a few of them are found to harbor only one
coccidium when examined; host groups in this
category include bats, shrews, rodents and
carnivores; (3) hosts with intermediate values
for both infection rate and single or multiple
species infections when individuals in any pop-
ulation were examined; the only mammals
placed in this category, to date, are the shrew-
mole genera (Duszynski, 1986).

For the purpose of this discussion, we need to
concern ourselves only with the lagomorphs
that were placed in “Category 1” by Duszynski
(1986). Surveys suggest that wild lagomorphs
are always heavily infected with multiple Eime-
ria species. Nieschulz (1923), Morgan and Wal-
ler (1940), Bull (1953), Ecke and Yeatter (1956),
Lechleitner (1959), and many others (see text
for all species surveyed) reported 90e100%
prevalence with several coccidia species in
various lagomorph surveys. Herman and Jan-
kiewicz (1943) reported six eimerian species in
43/44 (98%) cottontails on the San Joaquin
experimental range in California, and Duszyn-
ski and Marquardt (1969) reported all 100 S.
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audubonii near Ft. Collins, Colorado, to be
infected with one to six eimerians. The reasons
for these high infection rates, and usually with
multiple species, can only be speculated upon,
but some insight may be gained by looking at
the evolutionary and ecological history of the
host group being examined.

Numerous factors, from genes to host nutri-
tional state, play a role in determining host
susceptibility/resistance and all are affected
by environmental considerations. “Category 1”
hosts (Duszynski, 1986) all are ancient lineages
of mammals, tend to be morphologically and
chromosomally conservative, show lower het-
erozygosity than many other groups of mam-
mals (as far as is known), and have not
undergone the extensive radiation seen in
many other mammalian orders (e.g., bats).
They also are either fossorial, semi-fossorial,
or, at least, associated with burrows or crevices
(Anderson and Jones, 1967) where they defe-
cate. Such habitats provide discharged oocysts
with stable, moist environments where they
can concentrate, and in time, become viable
and readily available to the hosts that occupy
them. This, in part, may contribute to the high
infection rates seen in hosts such as rabbits
and moles. If we consider the potential for

increased survival of oocysts discharged mainly
in burrows, holes, and crevices as their “external
environment,” we might predict that the
coccidia species of such hosts each need to
produce fewer oocysts to reach new hosts; low-
ered endogenous reproduction could, in turn,
put less stress on the host immune system by
not stimulating a strong anamnestic response
upon subsequent infections. Those coccidia
species discharged by hosts occupying more
open habitats, where desiccation and exposure
to UV radiation are important factors in their
survival (or not), would be driven to have
endogenous development to produce more
oocysts, which, in turn, should stimulate
a stronger host immune response to subsequent
infections with such species. Because of the
primeval nature of the coccidia, the genetically
conservative nature of lagomorphs, and the
likely association they have shared for
millennia, we should expect a high degree of
phylogenetic relatedness among these parasite
species. Thus, hosts that always have many coc-
cidians may have species that are more closely
related to each other than are the coccidia found
in hosts that usually have only one coccidian at
any point in time. How such relationships
contribute to host specificity is unknown.

TABLE 7.1 All Reported Coccidia Species1 (Apicomplexa: Eimeriidae) from Cottontail Rabbits in the Genus
Sylvilagus (Family Leporidae)

Sylvilagus spp. Eimeria spp.

Natural (N) or

experimental (E) References

audubonii audubonii N Duszynski & Marquardt, 1969

environ N Duszynski & Marquardt, 1969

honessi N Duszynski & Marquardt, 1969

maior N Duszynski & Marquardt, 1969; Herman & Jankiewicz, 1943

neoirresidua N Duszynski & Marquardt, 1969

neoleporis N Herman & Jankiewicz, 1943

perforans N Herman & Jankiewicz, 1943

poudrei N Duszynski & Marquardt, 1969

(Continued)
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TABLE 7.1 All Reported Coccidia Species1 (Apicomplexa: Eimeriidae) from Cottontail Rabbits in the Genus
Sylvilagus (Family Leporidae) (cont’d)

Sylvilagus spp. Eimeria spp.

Natural (N) or

experimental (E) References

stiedai E Jankiewicz, 1941; Herman & Jankiewicz, 1943

brasiliensis paulistana N de Fonseca, 1933

perforans N Carini, 1940

pintoensis N de Fonseca, 1932

sylvilagi N Carini, 1940

floridanus audubonii N Wiggins et al., 1980

azul N Wiggins & Rothenbacher, 1979; Wiggins et al., 1980

environ N/E Carvahlo, 1943; Dorney, 1962; Ecke & Yeatter, 1956;
Wiggins et al., 1980

exigua N (?) Morgan & Waller, 1940

honessi N Carvahlo, 1943; Dorney, 1962; Ecke & Yeatter, 1956;
Wiggins et al., 1980

irresidua N/E Carvahlo, 1943; Morgan & Waller, 1940

leporis N (?) Morgan & Waller, 1940; Waller & Morgan, 1941

magna N/E Becker, 1933; Carvahlo, 1943; Morgan & Waller, 1940

maior N Carvahlo, 1943; Dorney, 1962; Wiggins et al., 1980

media N/E Carvahlo, 1943; Dorney, 1962; Ecke & Yeatter, 1956

minima N Carvahlo, 1943; Wiggins et al., 1980

neoirresidua N Wiggins et al., 1980

neoleporis N/E Carvahlo, 1942, 1943, 1944; Dorney, 1962; Ecke & Yeatter,
1956; Wiggins et al., 1980

perforans N/E Carvahlo, 1943; Ecke & Yeatter, 1956; Morgan &Waller, 1940

pintoensis2 N Ecke & Yeatter, 1956

stiedai N/ E Hsu, 1970; Harkema, 1936

sylvilagi N Carvalho, 1943; Dorney, 1962; Hsu, 1970;Wiggins et al., 1980

nuttallii environ N Honess, 1939; Honess & Winter, 1956

honessi N Honess, 1939; Honess & Winter, 1956

maior N Honess, 1939; Honess & Winter, 1956

stiedai N Honess, 1939; Honess & Winter, 1956

Four host species 19 Eimeria (17 valid)

1 19 Eimeria species reported and/or described from the lagomorph genus Sylvilagus. We believe that all of these eimerians are valid parasites of this host

genus except E. exigua and E. leporis (see text).
2 E. pintoensis likely is a valid species of Sylvilagus, but Ecke and Yeatter (1956) based their identification of this species in S. floridanus only on

unsporulated oocysts!

(?) not considered a valid parasite of Sylvilagus.
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INTRODUCTION

Within the true coccidia (Order Eucoccidior-
ida Leger and Duboseq, 1910) is a second major
family, Sarcocystidae Poche, 1913, that is closely
related to the Eimeriidae. All members of this
family, however, are heteroxenous. That is, two
or more hosts must be involved (except for Toxo-
plasma; see below) for transmission to be
completed: an intermediate (prey) host in which
asexual development takes place in the tissues to
eventually produce cysts, which then must be
ingested by the definitive (predator) host where
sexual reproduction and oocyst formation occur,
usually in the intestinal epithelium. The oocysts
are all “Isospora-like” in that they contain two
sporocysts, each with four sporozoites (Levine,
1988; Dubey et al., 1989). This family is divided
into two subfamilies, Sarcocystinae Poche, 1913
and Toxoplasmatinae Biocca, 1957. Members
placed in the Sarcocystinae are distinguished
by being obligatorily heteroxenous with asexual
multiplication within the prey host culminating

with its last-generation meronts (called sarco-
cysts) that first form metrocytes, that give rise
to bradyzoites, which are infectious for the pred-
ator host when the host tissue and sarcocysts are
consumed (Levine, 1988). Only sexual stages are
found in the intestinal epithelial cells of the
definitive host; the oocysts formed after fertiliza-
tion sporulate within the gut epithelial cells, but
have very thin walls, which often rupture during
transit through the gut, resulting in sporocysts
predominating in the carnivore’s fecal material.
Interestingly, these “naked” sporocysts closely
resemble oocysts of Cryptosporidium species (see
Chapter 9). A genus of sarcocystinae found
reasonably often in rabbits is Sarcocystis.

Parasitic protists placed within the Toxoplas-
matinae also have obligate heteroxenous life
cycles, but the asexual stages usually are trans-
missible from one intermediate host to another,
metrocytes are not formed, there can be both
asexual stages (with multiple types of meronts)
and sexual stages in the definitive host’s gut
cells (usually a feline), and oocysts must leave
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the definitive host before their sporulation
occurs (Levine, 1988). Two Toxoplasmatinae
genera found with some frequency in rabbits
are Besnoitia and Toxoplasma.

Unlike the format used in prior chapters, in
which we listed the information known about
each coccidian species under each host and
genus of lagomorph, in this chapter we will
include what little is known about the
predator-prey coccidia by parasite subfamily
and genus and then the coccidians known
from each rabbit host genus/species fromwhich
that parasite has been reported.

SARCOCYSTINAE POCHE, 1913

SARCOCYSTIS LANKESTER, 1882,
IN RABBITS

The history of the discovery of Sarcocystiswas
reviewed by Dubey et al. (1989, Chapter 1, pp.
1e2) and later by Duszynski and Upton (2009,
Chapter 9, pp. 223e224) and need not be
repeated here in detail. Suffice it to say that Sar-
cocystis species are found commonly as white,
rice-like cysts (sarcocysts) in the skeletal and
cardiac muscles of many vertebrate species
(e.g., cattle, sheep, wild mammals like rabbits
and mice, etc.) that act as intermediate hosts in
which asexual reproduction (merogony) occurs.
Between its initial discovery in the house mouse
by Miescher (1843) and 1972, numerous
“species” were named based only on the struc-
ture of the sarcocyst in host muscle tissue. In
1972, however, Fayer published a seminal paper
demonstrating the sexual stages of a Sarcocystis
species in tissue culture to establish the coccidian
nature of the parasite that suggested a two-host,
predator-prey, life cycle. Several years later,
Fayer and Kradel (1977) were among the first
to demonstrate that sarcocysts in the muscles of
cottontail rabbits would produce sporocyst
production in cats, when these were still new
and exciting discoveries. To reiterate, after

infected muscle is ingested by a suitable carni-
vore, merozoites from the tissue cysts are liber-
ated in the gut of the carnivore and enter
intestinal epithelial cells to undergo gamogony
(gamete formation), which leads to fertilization,
oocyst formation, and sporogony within these
cells. Some believe that Sarcocystis species are
more host specific for their intermediate hosts
than for their definitive hosts, but other investi-
gators, including some who work with rabbit
sarcocystids, point out great similarities in the
ultrastructure of sarcocysts found in widely
disparate host species, suggestingdat least to
themdthat the alternative may be true. When
the fully sporulated, isospora-like oocysts leave
the confines of the intestinal epithelial cells, their
very thin walls rupture, releasing fully formed
sporocysts into the feces of the carnivore host.

Manz (1867) was the first to note a Sarcocystis
species in rabbits in southwest Germany.
Almost 50 years later, Brumpt (1913) placed all
of the sarcosporidia known at the time into the
genus Sarcocystis Lankester, 1882, and listed 23
species, including 16 in mammals, six in birds,
and one in a reptile. In the mammalian sarcocys-
tid “species,” he placed his name after the
specific epithet for two of them: Sarcocystis
darling Brumpt, 1913, from an opossum (Didel-
phis sp.) from Panama, and for which he gave
minimal measurements (cysts, 1.5e2 mm; mero-
zoites, 8e12 � 2e4 mm) and Sarcocystis cuniculi
Brumpt, 1913, which he said occurred in the
domestic rabbit (Lepus domesticus [?]; probably
L. cuniculus L., 1758, later changed toOryctolagus
cuniculus [L., 1758]) and the wild rabbit (Lepus
timidis L., 1758), but gave no description(s)
and, thus, created a nomem nudum. Crawley
(1914) then described a second species, S. lepo-
rum, from a “very old male rabbit” shot in
Bowie, Maryland; according to Erickson (1946),
a letter from E.W. Price of the U.S. Bureau of
Animal Industry (Philadelphia) stated that the
Maryland material was from Lepus sylvaticus
(Bachman, 1837), which is now known to be Syl-
vilagus floridanus (J.A. Allen, 1890). In spite of the
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dubious nature and validity of S. cuniculi, both
names, S. cuniculi for domestic and S. leporum
for wild rabbit sarcocystids, have been accepted
(more-or-less) and used by all subsequent
authors except Odening et al. (1996). Fayer and
Kradel (1977), who determined the first sarcocy-
stan life cycle in rabbits (S. leporum), also made
the first argument that the two species are inde-
pendent; prior to that, earlier studies with
rabbits dealt either with the discovery or the
morphology of the sarcocyst stage in rabbit
muscles (e.g., Vande Vusse, 1965). Odening
et al. (1994c, 1996), however, who differentiated
the wild European rabbit (O. cuniculus agriot.)
from the domestic European rabbit (O. cuniculus
hemerot.), used both light (LM) and transmis-
sion electron microscopes (TEM) to suggest
there were six Sarcocystis species identifiable
by the morphology of their sarcocysts in the
European hare (L. europaeus). They said,
“because of the distinct ultrastructural differ-
ences between S. cuniculi and S. leporum, it is
clear that they are separate species” (Odening
et al., 1994), and in 1996 they proposed a new
name, S. cuniculorum, to replace S. cuniculi,
because of its long-standing status as a nomen
nudum. However, although Odening et al.
(1996) may be correct in their interpretation of
the International Code of Zoological Nomencla-
ture (ICZN) that a nomen nudum is not an avail-
able name since it has no description tied to it,
we find it unnecessary to clutter (and perhaps
confuse) the literature with a second name for
one that has been used by all other authors since
1913, who have just accepted S. cuniculi as the
name for the species inO. cuniculus. In addition,
Tadros and Laarman (1977a, b) finally attached
a description to this name almost 20 years before
Odening et al. (1996) wanted to change it.

In 1980 there were 93 named species of Sarco-
cystis and in 2011 there were about 130 named
species. Revision of the taxonomy of this genus
is ongoing, and it is possible that the currently
recognized species may be a much smaller
number that can infect multiple intermediate

hosts. For the most updated list, which is out
of date, see Levine and Tadros (1980).

FAMILY OCHOTONIDAE
THOMAS, 1897

HOST GENUS OCHOTONA
LINK, 1795

Sarcocystis dogeli (Matschoulsky, 1947b)
Tadros, 1980 and Levine

Definitive type host: Unknown.
Type locality: ASIA: Russia: Siberia, near

northern shore of Lake Baikal.
Other definitive hosts: Unknown.
Intermediate type host: Ochotona dauurica

(Pallas, 1776), Daurian pika.
Other intermediate hosts: Unknown.
Geographic distribution: ASIA: Russia.
Description of sporulated oocyst: Unknown.
Description of sporocyst and sporozoites:

Unknown.
Prevalence: Not given.
Sporulation: Unknown, but likely endogenous

with infective sporocysts shed in the feces of the
definitive host.

Prepatent and patent periods: Unknown.
Site of infection, definitive host: Unknown,

presumably the epithelium of the small intestine.
Site of infection, intermediate host: Skeletal

muscles.
Endogenous stages, definitive host: Unknown.
Endogenous stages, intermediate host: Sarco-

cysts are bag-shaped, 0.8e1.2 � 0.4e0.5 mm.
Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Levine and Tadros listed this as one

of 93 named species of Sarcocystis which they
compiled in a paper in 1980. Matschoulsky’s
(1947b) paper was not available to us, so the
information on this species was taken from
Odening et al. (1994c).
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Sarcocystis galuzoi Levit, Orlov and
Dymkova, 1984

Definitive type host: Unknown.
Type locality: ASIA: Kazakhstan.
Other definitive hosts: Unknown.
Intermediate type host: Ochotona alpina (Pallas,

1773), Alpine pika.
Other intermediate hosts: Unknown.
Geographic distribution: ASIA: Kazakhstan.
Description of sporulated oocyst: Unknown.
Description of sporocyst and sporozoites:

Unknown.
Prevalence: Not given.
Sporulation: Unknown, but likely endogenous

with infective sporocysts shed in the feces of the
definitive host.

Prepatent and patent periods: Unknown.
Site of infection, definitive host: Unknown,

presumably the epithelium of the small intestine.
Site of infection, intermediate host: Cells of

muscle connective tissue.
Endogenous stages, definitive host: Unknown.
Endogenous stages, intermediate host: Sarco-

cysts are ovoidal, 0.5e2.0 mm long with
a smooth wall that is ~3e5 mm thick.

Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: None.
Remarks: Odening et al. (1994c) noted that the

very modest description offered by Levit et al.
(1984) didn’t correspond to any other sarcocysts
described previously from lagomorphs. The val-
idity of this species needs to be clarified.

FAMILY LEPORIDAE G.
FISCHER, 1817

HOST GENUS LEPUS
LINNAEUS, 1758

**Sarcocystis germaniaensis sp. n.

Definitive type host: Unknown.
Type locality: EUROPE: Germany.

Other definitive hosts: Unknown.
Intermediate type host: Lepus europaeus Pallas,

1778, European hare.
Other intermediate hosts: Unknown.
Geographic distribution: EUROPE: Germany,

Poland.
Description of sporulated oocyst: Unknown.
Description of sporocyst and sporozoites:

Unknown.
Prevalence: Found in 26/205 (13%) of the type

host in Germany (Witzmann, 1982; Witzmann
et al., 1983), but the prevalence varied in four
hunting areas from 2% to 22%; 11/219 (5%) in
hares in Poland (Odening et al., 1996).

Sporulation: Unknown, but likely endogenous
with infective sporocysts shed in the feces of the
definitive host.

Prepatent and patent periods: Unknown.
Site of infection, definitive host: Unknown,

presumably the epithelium of the small
intestine.

Site of infection, intermediate host: Muscle fibers
of the masseter (tongue) and thigh.

Endogenous stages, definitive host: Unknown.
Endogenous stages, intermediate host: Sarco-

cysts are ovoidal to cigar-shaped, with incon-
spicuous compartmentalization, up to 835 �
138 mm in tissue sections. Cyst wall is thin and
smooth, ~1� 0.5 mm, without villar protrusions,
but provided with small invaginations in the
region of the primary cyst wall (type 1 of Dubey
et al., 1989). Cystozoites are squat, fusiform,
small, 5.6 � 1.9 (4e7 � 2.5e2).

Cross-transmission: None to date.
Pathology: Unknown.
Material deposited: Paraffin blocks of fixed sar-

cocysts in muscle tissue were stored in the Insti-
tute for Zoo Biology and Wildlife Research,
Berlin, Germany (see Witzmann et al., 1983;
Odening et al., 1996).

Remarks: Witzmann et al. (1983) reported
a Sarcocystis species in L. europaeus from Thurin-
gia and Brandenburg, Germany, a paper result-
ing from thesis work published a year earlier by
Witzmann (1982), but they did not name the
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species. Paraffin blocks of fixed sarcocysts in
muscle tissue were stored in the Institute for
Zoo Biology and Wildlife Research, Berlin,
Germany, and Odening et al. (1996) re-
examined these and described sarcocysts with
both LM and TEM, but they also did not name
this species. They emphasized how similar the
sarcocysts of this species are to those of S. sebeki
that they (1994a) found in the European badger,
as well as to those described in the raccoon in
Germany by Stolte et al. (1996). The sarcocysts
of S. sebeki were said to occur in Apodemus sylva-
ticus and experimentally in Mus musculus
(Tadros and Laarman, 1976) according to Oden-
ing et al. (1996), and this led them to speculate
that S. sebeki can occur in intermediate hosts
other than in the Muridae.

Along with describing the cysts of this
species from L. europaeus, they also saw what
they thought were some cysts of S. cuniculi.
Odening et al. (1996) attributed the overall low
prevalence and intensity of S. cuniculi in hares
to the argument that the definitive host is the
cat and that wild felids are not very prevalent
in Poland. With type specimens archived, we
believe there is sufficient information available
to name this species as new.

Etymology: The specific epithet is taken from
the Latinized origin of Germany, Germania
and eensis (L., originating from).

HOST GENUS ORYCTOLAGUS
LILLJEBORG, 1874

Sarcocystis cuniculi (Brumpt, 1913)
Tadros and Laarman, 1977a

Synonym: Sarcocystis cuniculorum Odening,
Wesemeier and Bockhardt, 1996.

Definitive type host: Felis silvestris Schreber,
1775 (syn. Felis catus L., 1758; Felis domesticus
Erxleben, 1777), Domestic cat.

Type locality: EUROPE: Germany.
Other definitive hosts: Unknown.

Intermediate type host: Oryctolagus cuniculus
(L., 1758) (syn. Lepus cuniculus), European
(domestic) rabbit.

Other intermediate hosts: Lepus europaeus
Pallas, 1778, European hare; Lepus timidis L.,
1758, Mountain hare (?).

Geographic distribution: EUROPE: Czech
Republic, Germany, Netherlands, Poland;
AUSTRALIA: Tasmania; NEW ZEALAND.

Description of sporulated oocyst: L � W:
18.5e19.6 � 12.9e14 (�Cerná et al., 1981).

Description of sporocyst and sporozoites: 10.5 �
7.9 (12e14.5 � 9e10), 13 � 10 (11.6e14.5 �
8.7e10), or 13e14.4 � 9.2e10.4; L/W ratio 1.4;
SR: present; SB, SSB, PSB: all absent.

Prevalence: Munday et al. (1978) found what
likely was S. cuniculi in 23/109 (21%)O. cuniculus
in Australia. Collins and Charleston (1979)
reported it in16% of rabbits they examined in
New Zealand and sarcocysts were found in 6/8
(75%) rabbits in northern Tasmania (Munday
et al., 1980). �Cerná et al. (1981), using serological
samples examined by IFAT from rabbits raised
on a farm, found that 28/117 (29%) were posi-
tive, mostly in serum diluted 1:10. Sarcocysts
were reported in 12/65 (18.5%) O. cunuculis
collected from the area around Bonn, Germany
(Elwasila et al., 1984); interestingly, of the
German rabbits, 11/29 (38%) were infected
when collected from July to September, 1982,
but only 1/36 (3%) collected January to March,
1982 was infected. �Cerná et al. (1981) reported
a prevalence of 36%. Odening et al. (1994c) found
it in 3/4 (75%) free-ranging wild rabbits that
originated from the Research Station of the
Polish Hunting Association in Czempi�n (near
Pozna�n, Poland) and were collected near the
area of the zoo, Tierpark Berlin-Friedrichsfelde.

Sporulation: Endogenous; infective sporocysts
shed in the feces of the definitive host.

Prepatent and patent periods: Prepatency was
9e12 days in the cat and patency continued
for up to 105 days PI (Levine, pers. com.; Mun-
day et al., 1980; Tadros and Laarman, 1982).
�Cerná et al. (1981) found that kittens fed infected
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meat discharged sporulated oocysts and sporo-
cysts in their feces 14 days after infection.

Site of infection, definitive host: Gametocytes
were found in goblet cells and the subepithelial
lamina propria of the small intestine of young
kittens, 9e12 hr PI. �Cerná et al. (1981) reported
both non-sporulated and sporulated oocysts in
the duodenal and jejunal scrapings at 18 DPI.

Site of infection, intermediate host: Sarcocysts
were found mostly in the striated muscles of
infected rabbits. Tadros and Laarman (1978)
used sarcocysts from the abdominal wall
muscles of a wild, naturally infected European
rabbit shot in the Netherlands to study its ultra-
structure. �Cerná et al. (1981) found sarcocyst
formation mostly in the muscles of the esoph-
agus and diaphragm of rabbits. Munday et al.
(1978) said the sarcocysts in rabbits in Australia
were in the diaphragm and tongue, but never
the hearts of rabbits, and none was macroscopi-
cally visible. Odening et al. (1994c) reported
cysts in the muscle fibers around the esophagus,
tongue, ribs, thorax, diaphragm, thigh, and loin.

Endogenous stages, definitive host: Sporulated
sporocysts were found in the lamina propria of
kitten intestines, especially the jejunum (Mun-
day et al., 1980).

Endogenous stages, intermediate host: Sarco-
cysts were elongate, up to several mm long
and 0.5e0.9 mm wide, compartmented (Mun-
day et al., 1980), containedmany fine projections
up to 11 high and tightly packed to form a “luxu-
riant pile” (Taros and Laarman, 1977b, 1978); the
cysts had striated walls, ~8e11 thick. Merozo-
ites in sarcocysts were rounded, 11e16 � 4e6.
Munday et al. (1980) said that the sarcocysts of
this species were indistinguishable from those
of S. leporum. They also found that it took 93
or more days PI for the sarcocysts in rabbits to
become infective for cats. Under TEM, the sarco-
cyst wall was seen to consist of long, closely
packed slender protrusions. Each protrusion
had a central core of about 100 tightly packed
microfilaments which continued into the
ground substance of the sarcocyst wall proper.

Merozoites were contained in compartments
whose trabeculae could be seen only with
TEM. Dubey et al. (1989) separated sarcocysts
from various Sarcocystis species into 24 distinct
structural “types,” based on the ultrastructural
(TEM) reports published at that time. Sarcocysts
of S. cuniculi were placed into their type 10 cate-
gory, consisting of those with tightly packed
villar protrusions that are conical or tongue-
shaped, with a core containing electron-dense
granules and microtubules that extend from
the villar tips into the granular layer. Elwasila
et al. (1984) found muscle sarcocysts that were
1.0e1.5 mm long � 125e200 mmwide. Each sar-
cocyst was subdivided into typical compart-
ments by septa and contained metrocytes and
banana-shaped merozoites. The striated wall
was up to 10 mm thick. The cysts were bounded
by an electron-dense primary cyst wall which
bordered the numerous finger-like projections
that appeared as striations by LM. The projec-
tions contained numerous fibrillar elements,
which originated in granular ground substance
and extended longitudinally to the tips of the
projections. Sarcocysts were divided into
compartments in which metrocytes and mero-
zoites were located. Metrocytes were few
compared to merozoites and were seen at the
periphery of the cyst. Merozoites were 10e12
� 2e3 and each was surrounded by a pellicle
consisting of three membranes. Odening et al.
(1994c), using TEM, showed that cyst walls
had tightly packed long, slim finger-like protru-
sions; their tapering distal ends were rounded
on top and were a little narrowed at their base.
The villar protrusions mostly had a polygonal
outline in cross section, although a few were
round in cross section.

Cross-transmission: This species, from the
skeletal muscles of a European rabbit shot in
the Netherlands, completed its gametogonic
development in cats, but not in dogs, foxes,
weasels, or kestrels (Tadros and Laarman,
1976, 1977a, b, 1982; Munday et al., 1980). Mun-
day et al. (1980) were unable to transmit S.
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cuniculi from one rabbit to another by feeding
sarcocyst-infected muscles.

Pathology: �Cerná et al. (1981) infected kittens
by feeding them rabbit tissues infected with sar-
cocysts. One week after infection, all kittens
showed symptoms of indigestion.

Material deposited: None.
Remarks: It was found by Tadros and Laar-

man (1977a) and Collins (1979), and confirmed
by Munday et al. (1980), that the cat is the defin-
itive host of this species and the domestic rabbit
the intermediate host. The latter authors
showed that after dosing rabbits with sporo-
cysts from cats, they developed sarcocysts, and
these became infective for cats at not less than
93 DPI. Infectedmuscle from these experimental
rabbits was not infective for other rabbits. They
also said that, microscopically, sarcocysts in the
European rabbits were morphologically indis-
tinguishable from those in cottontail rabbits, S.
floridanus, except that sarcocysts in the latter
were larger, up to 300 mm wide. Elwasila et al.
(1984) compared the structure of S. cuniculi
from the European rabbit (O. cuniculus) and S.
leporum from the cottontail rabbit (S. floridanus)
by both LM and TEM and noted “only minor
differences in cyst size, dimensions and shape
of the cyst wall projections and the amount of
ground substance.” Clearly, cross-transmission
experiments are needed to determine the rela-
tionship between all of the Sarcocystis species
known from rabbits.

�Cerná and Kva�s�novska (1986), in the Czech
Republic, reported that a heterologous system
using S. dispersa from mice was positive in titers
1:10e1:40 in rabbits experimentally infected
with sporocysts of S. cuniculi and in the titers
of 1:10e1:160 in spontaneously infected rabbits.
Luke�sová et al. (1984) and Donát (1989) also
found and described this species from rabbits
in the Czech Republic, while Unger (1977)
reported sarcocysts that likely represented this
species in O. cuniculus agriot from Land Bran-
denburg, Germany. Dubey et al. (1989) placed
this species, along with S. leporum (below), into

their type 10 ultrastructural wall type. Odening
et al. (1994c) noted that S. cuniculi, therefore,
“unites features type 9 (microtubules reaching
into the ground substance) and type 10 (tightly
packed villar protrusions).”

HOST GENUS SYLVILAGUS
GRAY, 1867

Sarcocystis leporum Crawley, 1914

Definitive type host: Felis silvestris Schreber,
1775 (syn. Felis catus L., 1758; Felis domesticus
Erxleben, 1777), Domestic cat.

Type locality: NORTH AMERICA: USA:
Maryland.

Other definitive host: Procyon lotor L., 1758,
Raccoon.

Intermediate type host: Sylvilagus floridanus
(J.A. Allen, 1890), Eastern cottontail.

Other intermediate hosts: Sylvilagus nuttallii
(Bachmann, 1837), Mountain cottontail; Sylvila-
gus palustris (Bachmann, 1837), Marsh rabbit.

Geographic distribution: NORTH AMERICA:
USA: Alabama, Arkansas, Georgia, Illinois,
Iowa, Maryland, Michigan, Minnesota, Missis-
sippi, Missouri, New York, North Carolina,
Pennsylvania, South Carolina, South Dakota;
Virginia; EUROPE: Germany.

Description of sporulated oocyst: Not described,
but most likely a typical sarcocystan oocyst with
a very thin, membranous wall.

Description of sporocyst and sporozoites: Ellip-
soidal, 14 � 9 (13e17 � 9e11), L/W ratio 1.6;
SB, SSB, PSB: all absent; SR: present (Fayer and
Kradel, 1977); or 13 � 10, L/W ratio 1.3; SB,
SSB, PSB: all absent; SR: present (Crum and Pre-
stwood, 1977), both from cats. In the raccoon: 13
� 9, (11e14� 9e11), L/Wratio 1.4; SB, SSB, PSB:
all absent; SR: present (Crum and Prestwood,
1977).

Prevalence: Le Dune (1936) found sarcocysts of
this species in 36/204 (18%) cottontails in New
York. New York State Annual Reports to the
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Legislature by the New York Conservation
Department (Section on Pathological Examina-
tion of Game) for 1935e36 and 1938e40 reported
that sarcocysts were found in 121 of 1,438 (8%) of
the cottontails examined. Morgan and Waller
(1940) reported this species (which they called S.
cuniculi) in the femoral and lumbar muscles of
20/210 (9.5%) S. floridanus examined from 12
counties in Iowa; Bell and Chalgren (1943) found
sarcocysts in 4/45 (9%) cottontails from New
York, 1/67 (1%) from Virginia, and 9/65 (14%)
from Missouri; Erickson (1946) found sarcocysts
in 30/78 (38%) cottontails in SouthDakota; Vande
Vusse (1965) found this species in the muscles of
42/173 (24%)S. floridanus from Iowa; itwas found
in the muscles of 15/18 (83%) S. floridanus near
UniversityPark, Pennsylvania (Fayer andKradel,
1977); in the muscles of 29/260 (11%) S. floridanus
from eight southeastern states in the USA
(Andrews et al., 1980); in the muscles of 100/185
(54%) S. floridanus in Pennsylvania (Cosgrove
et al., 1982); andElwasila et al. (1984) found sarco-
cysts in 8/12 (66%) cottontails collected near Ber-
rien Springs, Michigan.

Sporulation: Endogenous. Sporulated sporo-
cysts were found in the feces of the cat and
raccoon.

Prepatent and patent periods: In the cat the pre-
patent period is 10e25 days (Crum and Pre-
stwood, 1977; Fayer and Krandel, 1977), while
in the raccoon it is reported to be 13 days. The
patent period in the cat is 3 to > 46 days (Fayer
and Krandel, 1977) or up to 69 days (Crum and
Prestwood, 1977).

Site of infection, definitive host: Unknown, but
presumably in the intestinal epithelium.
However, Crum and Prestwood (1977), who
did experimental infections of cats, did not see
sexual stages of Sarcocystis upon histological
examination of cat intestine.

Site of infection, intermediate host: In the skel-
etal muscle of S. floridanus. Erickson (1946)
said that cysts were most often seen in the
muscles of the hind legs, flanks, and loins and
Hugghins (1961) wrote that the muscles of S.

floridanus in South Dakota “were found to
have a profusion of white streaks visible on
the surface.” Cosgrove et al. (1982) found two
of 100 infected cottontails with cysts in esopha-
geal skeletal muscle, but none in cardiac
muscles; all 100 rabbits had cysts in skeletal
muscles of the fore and hind legs.

Endogenous stages, definitive host: Unknown,
but presumably in the intestinal epithelium.

Endogenous stages, intermediate host: Accord-
ing to Crawley (1914), the cysts are short, deli-
cate threads or rods lying in the muscles, ~2 �
0.2e0.25 mm, compartmented, with a striated
wall 5e6 thick, that contained a great number
of papilliform processes (cytophaneres) that
project into the cyst from the basement
membrane; the inner layer produced septa
dividing the lumen of the cyst into compart-
ments within which many banana-shaped
merozoites resided, each about 13e15 � 5 mm.
The merozoites each had two “clear-cut oval
areas,” a N in the posterior half and a clear
region at the opposite tip. Erickson (1946) said
that maturemuscle cysts placed between a cover
glass and slide were 4e5 � 0.4 mm, in paraffin
sections they were 0.1e0.4 mm wide, and
when the cyst was crushed the merozoites
were banana-shaped, 12.2 � 4 mm. Hugghins
(1961) found two heavily infected S. floridanus
from South Dakota and said that sarcocysts
were pointed at each end and measured 4e8 �
0.3e0.4 mm, with crescent-shaped “spores” (¼
merozoites), about 11 � 4 mm. Crum and Pre-
stwood (1977) said that sarcocysts from S. flori-
danus were 243 mm wide in paraffin tissue
sections. Cosgrove et al. (1982) said that most
cysts of S. leporum were compartmentalized,
although immature cysts might not be septate.
Elwasila et al. (1984) found spindle-shaped sar-
cocysts in S. floridanus from Bonn, Germany, that
measured 1e5 mm � 100e400 mm, metrocytes
were ovoidal and bounded by a three-
membrane pellicle, and the merozoites were
nearly identical to those of S. cuniculi, banana-
shaped, 8e13 � 2e4, with a broader posterior
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part containing the N. Sarcocysts of S. leporum
were placed into the type 10 category by Dubey
et al. (1989); that is, those with tightly packed
villar protrusions that were conical or tongue
shaped, with a core containing electron-dense
granules and microtubules that extended from
the villar tips into the granular layer.

Cross-transmission: Fayer and Kradel (1977)
fed muscle cysts from Sarcocystis-infected
cottontails, S. floridanus from Pennsylvania, to
four dogs, Canis familiaris, and to seven cats, F.
silvestris. None of the four dogs ever shed sporo-
cysts in their feces during the 24 days of observa-
tion, but 6/7 (86%) cats discharged sporulated
oocysts, and the prepatent period ranged from
10 to 25 days after feeding. Five 3e6-mo-old
domestic rabbits, O. cuniculus, were infected
with 200, 1,000, 25,000, 50,000 or 75,000 sporo-
cysts from cats; rabbits with the two smallest
doseswere killed 34DPI and thosewith the three
largest doses were killed at 86, 50, and 30 DPI,
respectively. None of the five rabbits showed
any signs of illness and no lesionswere observed
in histological sections of their tissues (Fayer and
Kradel, 1977). Crum and Prestwood (1977) fed
heavily infected rabbit muscle from one S. flori-
danus caught in Virginia to two cats, and sporo-
cysts were detected in their feces from 14 to 69
DPI. They observed that the number of sporo-
cysts shed in cat feces was small compared to
howheavily infected the rabbit muscle appeared
to be and they speculated that this low produc-
tion suggested that the domestic cat “may be
rather poor hosts for S. leporum.” At the end of
their (1977) paper they appended an addendum
stating that since their paper had been accepted
for publication they had had the opportunity to
conduct an additional experiment. Tissues
from another heavily infected cottontail (S.
floridanus) were fed to a captive raccoon (P. lotor),
which shed large numbers of sporocysts and had
a prepatent period of 14 days.

Pathology: Cosgrove et al. (1982) did not
observe tissue reaction around intact sarcocysts,
but did report an intense inflammatory

response near ruptured cysts in two rabbits.
This inflammatory reaction, consisting mostly
of heterophils, appeared to be a response to
a degenerating cyst, possibly as a result of host
defense mechanisms against it.

Material deposited: None.
Remarks: Although S. leporum was described

in 1914, Babudieri (1932) synonymized S. cuni-
culi with it even though S. cuniculi was
described a year earlier (1913), thus violating
the principle of priority of the ICZN. American
authors never adopted this synonomy, so the
name has remained (e.g., Erickson, 1946; Vande
Vusse, 1965; Crum and Prestwood, 1977; Fayer
and Kradel, 1977). Crum and Prestwood (1977)
suggested that the raccoon was the “normal”
host, since they obtained many more sporocysts
in it than from the cat, but the possibility must
be considered that they were dealing with
another species of Sarcocystis. In their study,
Cosgrove et al. (1982) compared infection rates
of juvenile (21%) vs. adult (69%) S. floridanus
and concluded that adults have a much higher
prevalence of Sarcocystis.

SARCOCYSTIS SPECIES
INQUIRENDAE (13)

FAMILY OCHOTONIDAE
THOMAS, 1897

HOST GENUS OCHOTONA
LINK, 1795

Sarcocystis sp. of Rausch, 1961

Original host: Ochotona collaris (Nelson, 1893)
(syn. Lagomys collaris), Collared pika.

Remarks: Rausch (1961) collected 73 collared
pikas in Alaska from 1950 to 1961. In July, 1954,
while working in the Talkeetna Mountains, he
watched an ermine carrying a pika. He collected
the ermine, an important predator on pikas in
south-central Alaska, but did not examine it for
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intestinal stages of Sarcocystis. He did report,
however, that “the striated muscles of collared
pikas, particularly in the Talkeetna Mountains,
often contain Sarcocystis sp.”

Sarcocystis sp. of Barrett and Worley,
1970

Original host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Remarks: Barrett andWorley (1970) foundwhat
they said were cysts of a Sarcocystis species “in
association with the musculature and connective
tissue in the peritoneal cavity” of two American
pikas, 1/9 (11%) from Park County and 1/45
(2%) from Gallatin County in Montana. The
musculature and mesenteries from these
pikaswere examined grossly and cysts and zoites
were measured “microscopically.” Mature cysts
were reported to be 0.8e0.9 mm long by 0.5e0.7
mm wide with zoites (which they called spores)
typically banana-shaped, 12.6 � 3.2 (11e14 �
2.5e5) mm. They made no attempt to transmit
the cysts or to further identify this form, but
said, “itwas similarmorphologically toS. leporum
Crawley, 1914 (¼ S. cuniculi Brumpt, 1913) .
reported from the cottontail rabbit in Minnesota
by Erickson (1946).”

Sarcocystis sp. of Grundmann
and Lombardi, 1976

Original host: Ochotona princeps (Richardson,
1828) (syn. Lepus [Lagomys] princeps), American
pika.

Remarks: Grundmann and Lombardi (1976)
reported “a species of Sarcocystis” in 4/12
(33%) American pikas in Utah.

Sarcocystis sp. of Levit, Orlov
and Dymkova, 1984

Original host: Ochotona alpina (Pallas, 1773),
Alpine pika.

Remarks: Levit et al. (1984) found sarcocysts in
pikas from Kazakhstan. Sarcocysts were found
in muscle cells (presumably striated muscles?)
and were reported to be thread-like, 0.9e3.3
mm long with a smooth wall that was 0.5e1.5
mm thick.

Sarcocystis sp. 1 of Fedoseenko, 1986

Original host: Ochotona alpina (Pallas, 1773),
Alpine pika.

Remarks: Fedoseenko (1986) found cysts in
muscle cells (presumably striated muscles?) of
pikas from Kazakhstan. He called them “macro-
cysts” and said they were round, up to 3 mm
wide. Odening et al. (1994) noted that the very
modest description offered by Fedoseenko
(1986) didn’t correspond to any other sarcocysts
described previously from lagomorphs.
However, much more information is needed on
this form before a valid name can be applied to it.

Sarcocystis sp. 2 of Fedoseenko, 1986

Original host: Ochotona alpina (Pallas, 1773),
Alpine pika.

Remarks: Fedoseenko (1986) found cysts in
muscle cells (presumably striated muscles?) of
pikas from Kazakhstan. He called them “micro-
cysts” and said they were threadlike.

FAMILY LEPORIDAE G.
FISCHER, 1817

HOST GENUS LEPUS
LINNAEUS, 1758

Sarcocystis cf. bertrami Doflein, 1901
of Odening, Wesemeier, Pinkowski,
Walter, Sedlaczek and Bockhardt, 1994c

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Odening et al. (1994c) found sarco-
cysts in the muscle fibers of the loin of
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L. europaeus from the hunting district of
Czempi�n, near Pozna�n, Poland. The cyst wall
of this form had elongated leaflet-like villar
protrusions that arose at irregular and spacious
distances from each other from the surface of the
cyst wall and were “often clinging to it like
scales.” The undulating margins of these protru-
sions were “coarser” than the primary cyst wall
because of many invaginations between the
protrusions. In the middle of these protrusions
was a dense core of microtubules that pene-
trated deeply into the ground substance in
continuation of its longitudinal axis. Coarse
osmiophilic granules surrounded the bundle
of microtubules. The authors felt this form could
not be distinguished from S. bertrami on the
basis of its ultrastructure, stating “It is note-
worthy that this species has been found hitherto
in equids only (the dog is the definitive host).”
They went on to say that the ultrastructure of
the form they found in L. europaeus corre-
sponded well to those found in horses (Europe,
USA), zebras (Africa), and donkeys (Egypt), all
of which are synonyms of S. bertrami (also see
Odening et al., 1995a). These sarcocysts
belonged to the type 11 ultrastructure of Dubey
et al. (1989), but we agree with Odening et al.
(1994c) that additional work must be done to
prove that the form found in L. europeaus in
Poland is the same as the species from the horse.

Sarcocystis cf. cuniculi Brumpt, 1913 of
Odening, Wesemeier, Pinkowski,
Walter, Sedlaczek and Bockhardt, 1994c

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Odening et al. (1994c) found sarco-
cysts in the muscle fibers of the diaphragm,
thigh, and loin of L. europaeus from the hunting
district of Czempi�n, near Pozna�n, Poland.
They described the cyst wall with tightly
packed, long, slim-looking finger-like villar
protrusions. They showed that these protru-
sions had a slightly tapering distal portion

with a rounded top and were a little narrowed
at their base. These protrusions were always
round to oval in ultrathin cross section. Microtu-
bules in their core ran from the top into the
ground substance of the cyst wall, where they
changed their direction, running a short
distance parallel to the cyst wall. They (1994c)
decided to call the form from the hare S. cf. cuni-
culi because the cross sections of the villar
protrusions were ultrastructurally different
(primarily round) than those of S. cuniculi
(primarily polygonal), although they admitted
that those from O. cuniculus “sometimes had
a transitional appearance.” Thus, they thought
it “most likely that the form from the hare is
identical with S. cuniculi,” with the slight differ-
ences, perhaps, being a form of host modifica-
tion. However, the identity of the forms in
Oryctolagus and Lepus should be corroborated
by further study.

Sarcocystis sp. 1 of Odening, Wesemeier,
Pinkowski, Walter, Sedlaczek and
Bockhardt, 1994c

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Odening et al. (1994c) found sarco-
cysts in the muscle fibers of the heart and thighs
of L. europaeus from the hunting district of
Czempi�n, near Pozna�n, Poland. The cyst wall
of this form was of irregular thickness with
“unstable hair-like villar protrusions occurring
singularly or sometimes in more or less closely
packed groups” that tapered continuously to
their top. Inside these protrusions were
numerous fine and a few large granules. In
some cases, they noticed that these protrusions
arose from dome-shaped bases on the primary
cyst wall. In their argument to call this a separate
species of Sarcocystis, but not name it, they said
they couldn’t proceed “on the assumption that
all the Sarcocystis species found in hares are
specific parasites of lagomorphs or even merely
of L. europaeus.” To support their statement, they
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argued that of the four different Sarcocystis
species found in badgers (Meles), only one was
believed to be specific for the badger, while
two others are believed to be species from roe
deer (Capreolus), citing their own work (Oden-
ing et al., 1994a, b, 1995 a, b) to substantiate their
claim. Thus, they suggested this species from L.
europaeus resembled S. capreolicanis (roe deer), S.
cruzi (cattle, other bovids), S. arieticanis (sheep),
S. hircicanis (goat), and S. sp. Yamada et al. (1993,
from the horse in Japan). Finally, they noted that
the cyst wall of this form belongs to the type 7
ultrastructure of Dubey et al. (1989), all of which
are characterized by hair-like villar protrusions
of the cyst wall.

Sarcocystis sp. 2 of Odening, Wesemeier,
Pinkowski, Walter, Sedlaczek and
Bockhardt, 1994c

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Odening et al. (1994c) found sarco-
cysts in the muscle fibers around the esophagus
and trachea of L. europaeus from the hunting
district of Czempi�n, near Pozna�n, Poland. The
cyst wall of this form had irregularly-shaped,
highly ramified, cauliflower-like villar protru-
sions with undulated margins; these arose
from the surface of the cyst wall and had a rela-
tively thin and short stalk. Microtubules in the
core of the villar protrusions appeared to be
“interrupted” in places and had obvious rows
of large granules. They argued that the ultra-
structure of the cyst wall of this form had not
yet been described in rabbit sarcocysts, although
it had a “remote resemblance” to the type 21
ultrastructure of Dubey et al. (1989). Odening
et al. (1996) said that the ultrastructure of the
sarcocysts is similar to that of S. hirsata from
cattle and other Bovinae (cf. Odening et al.,
1995a). Given the striking difference in ultra-
structure of the sarcocysts, it is not clear why
they chose not to formally name this species.

Sarcocystis sp. 3 of Odening, Wesemeier,
and Bockhardt, 1996

Original host: Lepus europaeus Pallas, 1778,
European hare.

Remarks: Odening et al. (1996) found only one
sarcocyst in the muscle fibers of the tongue. In
tissue sections it was 385 � 135 mm with a cyst
wall that had “irregularly stub-shaped villar
protrusions,” ~2.4 � 3.6 mm. The cyst contained
fusiform cystozoites, 10.3 � 2.8 (9e11.5 �
2.5e3). They said that this cyst was similar to
a Sarcocystis species from the Mongolian gazelle
(Procapra gutturosa) in Mongolia, that they had
reported in an abstract at the Eighth Interna-
tional Congress of Parasitology (1994, p. 252)
held 10e14 October in Izmir-Turkey.

HOST GENUS SYLVILAGUS
GRAY, 1867

Sarcocystis sp. of Stiles, 1894

Original host: Sylvilagus floridanus (J.A. Allen,
1890) (syn. Lepus sylvaticus), Eastern cottontail).

Remarks: Stiles (1894) reported a Sarcocystis
species in a cottontail from Maryland, but did
not describe or name it.

Sarcocystis sp. of Bell and
Chalgren, 1943

Original host: Sylvilagus sp. (presumably,
Sylvilagus floridanus (J.A. Allen, 1890), Eastern
cottontail).

Remarks: Bell and Chalgren (1943) found sar-
cocysts in 8/45 (18%) cottontails from upstate
New York State, in 1/67 (1.5%) cottontails
from Virginia, and in 9/65 (14%) rabbits from
Missouri. They noted that “the muscles of
a few rabbits were heavily infected by Sarcocys-
tis, but in no case could we be sure that the infec-
tion had been inimical to the health of the
animals.”
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TOXOPLASMATINAE BIOCCA, 1957

BESNOITIA HENRY, 1913,
IN RABBITS

Besnoitia is one of the more obscure and little-
studied parasitic protist genera, and because of
this, we know very little about it. Although it
has been known and studied for 100 years, our
knowledge of the life history of Besnoitia species
in wild animals is still incomplete, and there are
no definitive morphological criteria to distin-
guish between Besnoitia species. We do know
that members of this genus are cyst-forming
coccidia with a complex two-host (predator-
prey) life cycle, similar to those of Sarcocystis
and Toxoplasma, but with their own unique
nuances. Intermediate hosts ingest sporulated
oocysts when they forage and these oocysts
release sporozoites in their gut, which penetrate
various host cells and undergo merogony. First-
generation meronts develop in the endothelial
cells of blood vessels, while later generations
develop primarily in fibroblasts of various
organs and tissues, producing large (up to 1
mm) intracellular cysts (¼ pseudocysts),
without subdivisions, that are surrounded by
a thick, laminated, nucleated cyst wall enclosing
numerous small bradyzoites. Thus, the most
distinguishing morphological characteristic of
this genus is the large bradyzoite-filled cyst
that occurs in the connective tissues of the
herbivorous intermediate hosts. When cyst-
containing tissue is eaten by the definitive
carnivore host, the bradyzoites are released,
penetrate enterocytes of their intestinal tract
and undergo (presumably) only one merogo-
nous generation, which leads to gamete forma-
tion that gives rise to oocysts after fertilization
occurs. Interestingly, the genus Besnoitia seems
to be unique in at least two respects: (1) the
ability of oocysts to initiate gametogenesis in
the definitive host has been lost, the completion
of the sexual cycle being dependent on the

ingestion of tissue cysts from suitable interme-
diate hosts, and (2) these species may be
successfully propagated asexually by mechan-
ical transmission by blood-sucking arthropods.

Other than these features, little else is known
about the life history, epidemiology or ecology
of the species in this genus (Leighton and Gajad-
har, 2001). We do know that the disease besnoi-
tiosis, caused by Besnoitia species, has been
recognized only in intermediate hosts and the
prevalence of infection is high in some host pop-
ulations where clinical disease can and does
occur; for example, besnoitiosis in cattle is of
considerable economic importance in some
parts of the world (e.g., Africa), but the relation-
ship of these parasites to the population
dynamics and health of other herbivorous hosts
(both wild and domesticated) is not known
(Leighton and Gajadhar, 2001). Probably the
least distinguishing morphological character-
istic of Besnoitia species is the structure of their
sporulated oocysts, which have been docu-
mented on only a handful of occasions. They
are similar to those of Toxoplasma by being small
(< 20 mm), having two sporocysts each with four
sporozoites, and being shed in the feces in an
unsporulated condition. Levine (1988) listed
what he considered to be seven valid species
of Besnoitia: B. bennetti, B. besnoiti, B. darlingi, B.
jellisoni, B. paraguayensis, B. tarandi, and B. walla-
cei, while Leighton and Gajadhjar (2001) listed
seven named species, but added B. caprae, while
omitting B. paraguayensis. Unfortunately, the
primary basis for distinguishing between
species of Besnoitia is the structure of the tissue
stage(s) and the intermediate host(s) in which
they are found. No molecular work yet has
been done to help distinguish between these
species; thus, all taxonomy within the genus
should be considered provisional until some
gene sequences can be used to more rigorously
clarify their specific status. Besnoitia species
from cattle have been transmitted to the Euro-
pean rabbit, O. cuniculus, on a number of
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occasions, but have only been isolated from
naturally infected rabbits in rabbitries a few
times.

FAMILY OCHOTONIDAE
THOMAS, 1897

HOST GENUS OCHOTONA
LINK, 1795

As far as we know, there are no Besnoitia
species reported to occur naturally or from
experimental infections in any Ochotona species
to date.

FAMILY LEPORIDAE G.
FISCHER, 1817

HOST GENUS LEPUS
LINNAEUS, 1758

As far as we know, there are no Besnoitia
species reported to occur naturally or from
experimental infections in any Lepus species to
date.

HOST GENUS ORYCTOLAGUS
LILLJEBORG, 1874

To our knowledge, only the domestic rabbit
has been implicated occasionally as a host that
is naturally infected with Besnoitia species; in
most instances, O. cuniculus has been an
experimental host to which various species
from cattle have been transmitted. First, we
believe it is useful here to review some of
the history of the discovery of Besnoitia, then
list those “species” that have been experimen-
tally transmitted to domestic rabbits, and
finally cite the few cases in which a Besnoitia
species has been isolated from naturally
infected rabbits.

History of Discovery

Besnoit and Robin (1912) first recognized
what they thought were a large number of Sarco-
cystis-like cysts in the connective tissue of the
skin of cows from the Pyrenees Mountains,
France, which they called Sarcocystis sp. Marotel
(1912) recognized that nothing similar had been
found previously in cattle and thought that the
senior author should be recognized for his
discovery, so he proposed the combination Sarco-
cystis besnoiti for the cause of these cysts, and
Henry (1913) thought this organism was better
placed in a new genus and, thus, B. besnoiti
became the type species. It is known to parasitize
the skin and cornea of cattle in Europe and
Kazakhstan (Peteshev et al., 1974, citing the
work of other authors) and cattle, impala, wilde-
beest, and sheep in Africa (Pols, 1960; Neuman,
1962; Tadros and Laarman, 1976; others).

In a seemingly unrelated study at the time,
Wallace and Frenkel (1975) discovered some
small oocysts in the feces of domestic cats in
Hawaii during a survey for Toxoplasma. The
following year, Tadros and Laarman (1976)
named this organism Isospora wallacei in honor
of Dr. Gordon Wallace; the name was later cor-
rected to Besnoitia wallacei by Dubey (1977a, b)
and by Frenkel (1977). During their original
discovery and experimental work, Wallace and
Frenkel (1975) learned that sporulated oocysts
were not infectious to cats, because they saw no
oocyst shedding over a period of 42e56 days
PI, and Frenkel (1977) also could not produce
patent infections in four cats fed sporulated
oocysts. Similarly, Mason (1980) inoculated two
cats with 500,000 sporulated oocysts and moni-
tored their feces for 64 days PI. Neither cat devel-
oped a patent infection and sporulated oocysts
administered per os to four non-immune cats
failed to produce oocyst shedding in 45e56
days of observation PI, reinforcing the supposi-
tion that cats do not become infected by ingesting
oocysts, only by ingesting tissue cysts from an
intermediate host (Tadros and Laarman, 1976).

HOST GENUS ORYCTOLAGUS LILLJEBORG, 1874 229



To date, both of these Besnoitia species have been
transmitted experimentally to rabbits.

Experimental Transmission of Besnoitia
to rabbits

Besnoitia besnoiti (Marotel, 1912)
Henry, 1913

Synonyms: Sarcocystis besnoiti Marotel, 1912;
Gastrocystis robini Brumpt, 1913; Gastrocystis bes-
noiti; (Marotel, 1912) Brumpt, 1913; Globidium
besnoiti (Marotel, 1912) Wenyon, 1926; Isospora
besnoiti (Marotel, 1912) Tadros and Larman,
1976.

Intermediate hosts: Oryctolagus cuniculus (L.,
1758) (syn. Lepus cuniculus), European (domestic)
rabbit (experimental), and many others.

Remarks: Pols (1954a) passed infected cattle
blood to mice, rats, guinea pigs, and rabbits
and noted that the former three species remained
perfectly healthy 2 mo PI, although no attempt
was made to establish whether or not an “inap-
parent (sic) form of the disease” was present in
them. However, he was able to establish the
“high susceptibility” of rabbits to infection by
injecting two rabbits with “proliferative forms”
of B. besnoiti from the blood of infected oxen.
Both developed clinical symptoms after 13 and
16 days, and subsequent examination of blood
smears from the rabbits revealed small numbers
of trophozoites similar to those seen in the cattle;
he (1954a) then serially passed the organism to
six more generations of rabbits. Pols (1954b)
continued his sub-inoculations by intravenous
(IV), subcutaneous (SC), and intraperitoneal
(IP) routes, infecting 145 rabbits during 19 serial
passages, which he noted did not modify the
incubation period, “but a more protracted course
generally characterized the later passages.” In
blood, lung, and testis smears, B. besnoiti zoites
were 5e9 � 2e5, generally ovoidal and slightly
pointed at one end. These zoites were seen extra-
cellularly as well as in monocytes and some-
times in neutrophils. In histological sections,

the initial stages of cyst formation were observed
as early as 16e18 days PI and by 9wk PI the cysts
were 80e120 � 50e200, about one-quarter to
one-third of those seen in cattle (Pols, 1954b).
Summarizing his work with B. besnoiti from
cattle blood that was serially passed in rabbits,
Pols (1960) employed 125 serial passages in 440
rabbits. Of these, 11 died from causes other
than besnoitiosis, 352 developed typical reac-
tions accompanied by microscopically demon-
strable parasites, 68 only showed hyperthermia
and/or subcutaneous swellings, and nine failed
to reveal any symptoms. Neuman (1962) trans-
mitted this species to mice following passage in
rabbits. Bigalke (1967) transmitted B. besnoiti
from chronically infected cattle to susceptible
cattle and rabbits by inoculation with cystozoites
from tissue cysts and also established that its
tissue cysts retained their viability up to 9 yrs,
implicating chronically infected cattle as impor-
tant natural reservoirs for arthropod transmis-
sion to clean cattle and, perhaps, other
susceptible intermediate hosts (rabbits?). Basson
et al. (1970) artificially infected rabbits with both
bovine and antelope strains of B. besnoiti. Pete-
shev et al. (1974) fed B. besnoiti cysts from the
skin of naturally infected cattle to domestic
dogs, wolves, foxes, ground squirrels, goats,
lambs, rabbits, hedgehogs, white mice, rooks,
domestic cats, and a wild spotted cat, Felis lybica.
They reported that the dogs, wolves, foxes,
hedgehogs, and rooks did not become infected;
the ground squirrel died 10e12 days PI of severe
generalized besnoitiosis, and the goats, lambs,
and rabbits became febrile 9e13 days PI for
a period of 2e9 days. They (1974) detected endo-
zoites of Besnoitia in blood smears of the lambs
and goats, but not in the rabbits, and found Bes-
noitia cysts at 2 mo PI in one goat and one lamb,
and brain cysts 19e35 wide in the mice. Daily
examination of the feces of all animals showed
that only the wild cat and 2/2 domestic cats
shed oocysts in their feces. Neuman et al.
(1979) used rabbits, golden hamsters, guinea
pigs, and gerbils, in experimental infections
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with B. besnoiti from cattle, and were able to find
the parasite in the blood of the rabbits after an
incubation period of 12 days. McKenna and
Charleston (1980) fed infected muscle, heart,
and brain from rats dosed with sporulated
oocysts 78 days earlier to two 10-wk-old kittens;
both passed unsporulated oocysts 11 days PI.
They (1980) then fed ~200,000 sporulated oocysts
to two rabbits, and spheroidal Besnoitia tissue
cysts were found in both rabbits when they
were killed 57 and 91 days PI.

Metelkin (1935) was among the first to
suggest that wild flies (e.g.,Musca domestica, Cal-
liphora erythrocephala, Lucilia caesar, Cynomyia
mortuorum, Stomoxys calcitrans, Phormia groen-
lancica) that were fed on fecal suspensions con-
taining coccidial oocysts might play a role in
spreading coccidia in nature from one host to
another. In a similar line of reasoning, Bigalke
(1960) showed that B. besnoiti could be trans-
mitted by the sucking fly, Glossina brevipalpis,
many tabanids, and Stomoxys calcitrans, which
he regarded as a viable mode of mechanical
transmission. Huan (1968; reference unavail-
able, from Tadros and Laarman, 1976) showed
that cattle in Kazakhstan became infected
during winter when flying diptera were
completely absent and suggested that ixodid
ticks may play a role in its transmission to cattle.
Interestingly, none of the other related tissue-
cyst coccidians (i.e., Sarcocystis, Toxoplasma) is
known to be capable of having arthropods
transmit tissue stages from intermediate host
to intermediate host.

In rabbits that received blood from naturally
infected cattle, a well-defined febrile reaction
developed in nearly all experimentally infected
rabbits (Pols, 1960), often accompanied by
severe swelling of the head and body, and in
males scrotal swelling was often the first
symptom seen (Pols, 1954b); their fever of 103�
to 107�F lasted from 3 to 7 days. During their
fever, rabbits became listless, refused to feed,
and lost weight rapidly; during the middle of
their fever, hot, painful, subcutaneous

edematous swellings were evident on the ears,
head, limbs, and scrotum of most animals, and
some rabbits died within 2e5 days after the
initial rise in temperature (Pols, 1954a, b). In
some males the swelling progressed to
a complete necrosis of the scrotum and testes
(Pols, 1960). Basson et al. (1970), using rabbits
infected with bovine and antelope strains of B.
besnoiti, demonstrated necrotic and degenera-
tive vascular lesions, mainly of the medium
and smaller veins and some arteries during the
acute stage of the disease. These lesions coin-
cided with the parasitism of cells in the walls
of the vessels where B. besnoiti proliferated prior
to the development of the cyst stage, and the
lesions led to edema, degeneration, and infarc-
tion. Kaggwa et al. (1979) infected 3e6-mo-old
rabbits with a strain of B. besnoiti isolated from
cattle in Onderstepoort, Pretoria, South Africa,
and allowed infections to progress for 1 yr
with the intention of examining the ability of
two serological tests, indirect immunofluores-
cent antibody technique (IFAT), and enzyme-
linked immunosorbent assay (ELISA), to diag-
nose Besnoitia infections in chronically infected
animals. They found that, in rabbits, B. besnoiti
produced more acute symptoms than it did in
cattle, goats, blue wildebeest, impala, and
kudus, which are considered to be the “natural”
intermediate hosts in Africa. In their (1979)
study 24/26 (92%) infected rabbits showed
fever, subcutaneous edema, nasal and lach-
rymal discharge, and 12/24 (50%) symptomatic
rabbits died in 15e24 days PI. Without going
into detail of how titers fluctuated during the
year, the IFAT gave negative results throughout
the year of infection when confronted with
a heterologous antigen (B. jellisoni), indicating
that it may be a suitable test to use in deter-
mining possible latent infections. The ELISA,
however, showed a certain degree of cross-
reaction using the same heterologous antigen,
which allowed them to conclude it was unsuit-
able in the specific diagnosis of latent infections.
Tissues of four of the rabbits that had reacted
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strongly in their serological tests were used to
try to re-isolate B. besnoiti by harvesting their
organs and sub-inoculating into four non-
infected rabbits. None of the four showed any
clinical signs of infection, and they concluded
that the donor rabbits no longer harbored B. bes-
noiti. Neuman and Nobel (1981) infected 227
rabbits via IP, SC, conjunctival, IV, intracerebral,
and/or intratesticular routes using emulsions of
B. besnoitia tissue cysts collected from naturally
infected bulls in an endemic area (Israel?) after
slaughter. Clinical signs from these infections
included increased temperature, edema of the
ears, head, limbs, testes and penis, keratitis,
abortion in pregnant females, epistaxis, and
paraplegia, with 80% mortality. Histologically,
they (1981) observed exudative dermatitis, an
ulcerative desquamation of the epithelium,
pyknotic nuclei, cytoplasmic vesicle formation,
and the infiltration of large mononuclear cells.
The rabbit may be one of several “natural” inter-
mediate hosts for B. besnoiti, harboring tissue
cysts that could be transmitted to feral and
wild cats when eaten as prey items. This species
is generally asymptomatic in the cat definitive
host. For additional information and summa-
ries, see Dubey (1976), Tadros and Laarman
(1976), Frenkel (1977), Levine (1988), Bigalke
and Prozesky (1994), and Leighton and Gajad-
har (2001), but, as currently defined, B. besnoiti
may consist of more than one species (Peteshev
et al., 1974; Diesing et al., 1988; Leighton and
Gajadhar, 2001).

Besnoitia jellisoni Frenkel 1955a

Synonyms: None.
Intermediate hosts: Oryctolagus cuniculus (L.,

1758) (syn. Lepus cuniculus), European (domestic)
rabbit (experimental), and many others.

Remarks: This species was found in the white-
footed deer mouse (Peromyscus maniculatus
artemisiae) near the upper Salmon River in
Lemhi County, Idaho, USA, and was able to be
experimentally transmitted to many small
mammals (Frenkel, 1955a). It also was

transmitted to rabbits by Frenkel (1955b, 1965)
and others (Bigalke, 1967, 1968; Basson et al.,
1970; Ito et al., 1978).

Besnoitia wallacei (Tadros and Laarman,
1976) Dubey, 1977

Synonyms: Besnoitia sp. of Wallace and Fren-
kel, 1975; Isospora wallacei of Tadros and Laar-
man, 1976; non Isospora wallacei of Dubey, 1976;
Besnoitia sp of McKenna and Charleston, 1980;
Isospora bigemina Large Type of Ito et al., 1978
and of Ito and Shimura, 1986.

Intermediate host: Oryctolagus cuniculus (L.,
1758) (syn. Lepus cuniculus), European (domestic)
rabbit (experimental), and many others.

Remarks: Ito et al. (1978) and Ito and Shimura
(1986) reported the isolation of the “larger type”
oocysts of Isospora bigemina from feral cats
collected in Ibaraki Prefecture, Honshu, Japan;
after looking at biological characteristics that
included structure and size of the oocysts and
various developmental stages of the life cycle,
as well as comparing it to the strain of B. wallacei
from Hawaii studied by Frenkel (1977), they
concluded, “Therefore, the differences between
I. bigemina large type of cats and B. wallacei are
no longer recognized.” Ito and Shimura (1986)
also compared the Hawaii and NIAH strains
serologically by agar gel diffusion and direct
fluorescent antibody (FA) tests, and immuno-
logically, by cross-immunity infections, and in
every instance they were found not to be
different from each other.

Much is known about the biology and
various stages of this species including: descrip-
tion of the sporulated oocysts (Wallace and
Frenkel, 1975; Mason, 1980; McKenna and
Charleston, 1980; Ng’ang’a et al., 1994); oocyst
discharge by stray/feral cats (Wallace and Fren-
kel, 1975; McKenna and Charleston, 1980;
Ng’ang’a et al., 1994); prepatent and patent
periods in cats (Wallace and Frenkel, 1975; Fren-
kel, 1977; Mason, 1980; McKenna and
Charleston, 1980; Ng’ang’a et al.,1994); site of
infection in both the definitive (Wallace and
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Frenkel, 1975; Tadros and Laarman, 1976; Fren-
kel, 1977) and some intermediate hosts (Wallace
and Frenkel, 1975; McKenna and Charleston,
1980); the endogenous stages in both the defini-
tive (Frenkel, 1977) and some intermediate hosts
(Wallace and Frenkel, 1975; Frenkel, 1977;
Mason, 1980; Ito and Shimura, 1986); and the
pathology produced in some of the intermediate
hosts (Mason, 1980; Dubey, 1977b).

Ng’ang’a et al. (1994) orally inoculated 32
mice, 12 rats, and two rabbits with 1 � 106 spor-
ulated oocysts; all animals were killed 78 days
PI and tissues were collected from their skin,
intestines, liver, kidneys, skeletal muscles,
lungs, heart, brain, and spinal cord. All inocu-
lated animals had numerous white, sand-like
cysts on the serosal surface of the cecum and
ileum, with fewer cysts on the anterior colon,
jejunum, duodenum, mesentery, omentum,
peritoneum, and the heart, and a few cysts
were found in the scleral conjunctiva, subcutis,
and fascia in the two rabbits. Microscopically,
the cysts were spheroidal to ovoidal, found in
tissue sections of the heart, kidneys, mesentery,
intestines, and lungs of all three groups of
mammals. These cysts (N ¼ 25) were 208.5 �
164.1 (122e225 � 81e210); the PAS-positive
cyst wall was 2.5e25 thick. The host cell N
were hypertrophic and hyperplastic and,
together with the cytoplasm, were pushed
peripherally to form part of the cyst wall, but
Ng’ang’a et al. (1994) said the infection in the
intermediate hosts provoked little or no inflam-
matory reaction.

NATURAL INFECTIONS OF
BESNOITIA IN RABBITS

To date, only two natural infections have
been reported in rabbits. Mbuthia et al. (1993)
discovered cysts of a Besnoitia in the interalveo-
lar lung tissue secretions of a rabbit that had-
died suddenly in a rabbitry in Kenya. Venturi
et al. (2002) found Besnoitia tissue cysts in the

thorax, abdomen, and subcutaneous tissues of
5/5 (100%) rabbits from a small farm in
Argentina. However, without substantive
life-history information from either author,
these both must be classified as species
inquirendae.

HOST GENUS SYLVILAGUS
GRAY, 1867

As far as we know, there are no Besnoitia
species reported to occur naturally or from
experimental infections in any Sylvilagus species
to date.

BESNOITIA SPECIES
INQUIRENDAE (2)

Besnoitia sp. of Mbuthia et al., 1993

Original intermediate type host: Oryctolagus
cuniculus (L., 1758) (syn. Lepus cuniculus), Euro-
pean (domestic) rabbit.

Remarks: Mbuthia et al. (1993) reported what
may be the first documented natural infection
of a rabbit with Besnoitia. An adult female rabbit
(presumably O. cuniculus) was submitted for
necropsy to their veterinary clinic in Nairobi,
Kenya, Africa, after it had suddenly died.
Upon examination, they found Besnoitia cysts
in the pulmonary interalveolar tissue that
measured 127 � 185 wide and provoked
a mild mononuclear inflammatory reaction.
The rabbit came from a rabbitry, which at the
time was not experiencing any clinical signs of
disease in any of its rabbits. The dead rabbit
was pale and emaciated with a rough hair
coat, the hairs around the eyes, nostrils, and
mouth were wet, and there was a generalized
hyperemia in all organs, mild subcutaneous
edema, and excessive fluid in the serosal cavi-
ties. The rabbit apparently died as a result of
concurrent acute bronchopneumonia and
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pyelonephritis, but probably not from its Bes-
noitia infection.

Besnoitia sp. of Venturini et al., 2002

Original intermediate type host: Oryctolagus
cuniculus (L., 1758) (syn. Lepus cuniculus), Euro-
pean (domestic) rabbit.

Remarks: Venturini et al. (2002) found Besnoi-
tia tissue cysts in several tissues of 5/5 (100%)
rabbits from a breeder in La Plata, Argentina,
South America. The pinhead-sized cysts were
found in the fascia and serosal layers of the
thorax, abdomen, and subcutaneous tissues,
normally on the surface of these tissues. Bra-
dyzoites released from macroscopic tissue
cysts from the rabbits were inoculated onto
bovine tissue culture monocytes and into
interferon gamma gene knockout (KO) mice.
Besnoitia tachyzoites were seen in the perito-
neal exudate of KO mice on day 10 PI and
these tachyzoites were infective to other KO
mice. Tachyzoites grown in cell culture were
infective to four gerbils, Meriones unguiculatus,
with tachyzoites found in several tissues
examined 12e20 days PI and tissue cysts
seen in the lungs, heart, intestinal mucosa,
kidneys, and skeletal muscle of three of the
gerbils examined 33e47 days PI. Theirs was
the first report of a Besnoitia infection in any
host in Argentina.

TOXOPLASMA NICOLLE AND
MANCEAUX, 1909, IN RABBITS

Toxoplasma gondii (Nicolle and Manceaux,
1908) Nicolle and Manceaux, 1909, is unique
among the parasites of vertebrates because it is
ubiquitous; that is, it seems capable of infecting
virtually all species of all vertebrate classes,
except snakes (see Duszynski and Upton,
2009). Within this myriad of susceptible host
species worldwide, it can be found in almost
any cell type of any host organ system. Yet,

despite its almost non-existent host specificity,
it seldommanifests clinical signs (disease symp-
toms) in an infected host, unless there are exten-
uating circumstances (stress, crowding,
shipping, etc.) mostly due to domestication,
pet trade, and shrinking habitats.

The history, general biology, and life cycle of
Toxoplasma has been detailed several times
(Dubey and Beattie, 1988; Dubey, 2010) and
reviewed briefly by Duszynski and Upton
(2009). Suffice it to reiterate that only felids can
act as definitive hosts in which the sexual stages
(gamogony, the formation of male and female
gametes) and fertilization occur in their intes-
tinal epithelium, resulting in the production of
an unsporulated oocyst that leaves the felid
when it defecates. Once outside the host, if
appropriate moisture and oxygen are present,
sporogony (the formation of sporocysts with
infective sporozoites) occurs within the oocyst,
at which time it is infective to virtually any
vertebrate that may ingest it, including cats
(which distinguishes it from sporulated Besnoi-
tia oocysts, which are not infective to their feline
definitive host). All vertebrates, other than cats,
serve as intermediate hosts in which only
asexual processes occur (endodyogeny, merog-
ony), which result in tachyzoites (in pseudo-
cysts or clones) or bradyzoites (in tissue cysts).
In cats, the oocysts, if ingested, will excyst in
the intestine of the cat and go through the sexual
process of gamogony and fertilization typical of
the definitive host. The infective stages (tachy-
zoites and bradyzoites) produced by asexual
means are infective both to cats and to other
vertebrates via carnivorism and cannibalism,
but the parasite also can be transmitted trans-
placentally to fetuses in utero if a naive mother
becomes infected during pregnancy. This can
happen by ingesting sporulated oocysts or
infective tachyzoites in tissue cysts with food
or water or by blood transfusion or exposure
of mucous membranes to blood or other bodily
fluids that may be contaminated with various
zoites.
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Toxoplasma gondii frequently has been found
in the domestic rabbit (O. cuniculus), cottontail
rabbits (Sylvilagus spp.), and in hares (Lepus
spp.), which are only a few of more than 200
known vertebrate intermediate hosts (Dubey
and Beatttie, 1998; Dubey, 2010). With the
demand for rabbit meat for human consump-
tion increasing globally each year, toxoplas-
mosis in rabbits could be of epidemiological
significance. We provide just a few examples,
but for a more thorough analysis see Dubey
(2010).

FAMILY OCHOTONIDAE
THOMAS, 1897

HOST GENUS OCHOTONA
LINK, 1795

We know of no reports of T. gondii in any pika
species in this genus to date.

FAMILY LEPORIDAE G.
FISCHER, 1817

HOST GENUS LEPUS
LINNAEUS, 1758

Surveying hares (Lepus spp.) for T. gondii in
Europe, Frölich et al. (2003) examined tissues
and sera from 321 hunter-killed European
brown hares (L. europaeus) from Germany.
They recorded antibodies by the Sabin Feldman
Dye Test (SFDT; cutoff, 1:16) and T. gondii
antigen by immunohistochemistry (IHC) stain-
ing. Antibodies were found in 146/318 (46%)
hares and T. gondii antigen was demonstrated
in 115/201 (57%) hares. Interestingly, they
reported no cases of clinical toxoplasmosis.
These results (Frölich et al., 2003) are in contrast
to the report of Gustafsson and Uggla (1994),
who found no antibodies to T. gondii in 176
brown hares (L. europaeus) from Sweden; this

led them to suggest that L. europaeus may be
highly susceptible to T. gondii and, perhaps,
the disease is fatal to most of them that become
infected. Conversely, it also could suggest that
this hare species may exhibit some natural
immunity. Using the Ouchterlony agar diffusion
test in Bulgaria, Arnaudov et al. (2003) found
T. gondii antibodies in 9/58 (15.5%) wild hares
from that country. Edelhoffer et al. (1989) in
Austria, using the IHA test (cutoff, 1:32),
reported only 62/3,124 (2%) hares to show anti-
bodies to T. gondii. Hejlı́�cek et al. (1997) found
SFDTantibodies (cutoff, 1:4) in 7/164 (4%) hares
from the Czech Republic.

HOST GENUS ORYCTOLAGUS
LILLJEBORG, 1874

Almeria et al. (2004) surveyed 456 wild
rabbits (O cuniculus) from five regions of Spain
from 1992e2003 and found 65/456 (14%) had
antibodies in their blood by the Modified
Agglutination Test (MAT; cutoff, 1:25). Seropre-
valence was the highest (14/26, 54%) for rabbits
from Catalonia (forests of northeast Spain) and
lowest (9/148, 6%) for rabbits from Cadiz and
other, drier areas; they also reported that the
prevalence in young rabbits (< 7 mo) was
similar (11/67, 16%) to that in older (> 7 mo)
rabbits (40/363, 11%), indicating to them that
congenital infection or early postnatal infection
had occurred. Stutzin et al. (1989) found T.
gondii antibodies using IHA (cutoff, 1:16) in
4/50 (8%) wild rabbits from Chile. Figuerosa-
Castillo et al. (2006) detected T. gondii anti-
bodies in 77/286 (27%) rabbits from three rabbit
farms in Mexico; they reported that seropreva-
lence was lower (19%) on a well-managed
farm, but much higher on two poorly managed
farms (40% and 33%). Hejlı́�cek et al. (1981), in
the Czech Republic using the SFDT, found anti-
bodies (cutoff, 1:4) in only 8% of the rabbits
they surveyed. Pokorný et al. (1981), also in
the Czech Republic, examined 423 domestic
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and free-living animals representing 28 species
and found two O. cuniculus to be naturally
infected via the SFDT (cutoff, 1:4). Hejlı́�cek
and Literák (1994), again using the SFDT
(cutoff, 1:4), examined 366 rabbits for anti-
bodies from 48 properties in Strakonice, Czech
Republic. Antibodies were found in 54/366
(18%) sera samples. Homogenates from por-
tions of diaphragm, brain, and liver (pooled
for each rabbit) from 304 rabbits were inocu-
lated IP into two mice each and viable T. gondii
was isolated from the tissues of 54 (18%) of
these rabbits. Interestingly, of the 54 rabbits
with demonstrable T. gondii, 18 were seronega-
tive by the SFDT. Sroka et al. (2003), using the
MAT (cutoff, 1:8,000), found T. gondii antibodies
in 2/9 (22%) rabbits from a farm in Poland,
where cases of human toxoplasmosis were
detected. They isolated viable T. gondii from
the brain of one of two (50%) seropositive
rabbits and T. gondii tachyzoites were found
in tissues of the mice inoculated with brain
tissues. This strain was mildly pathogenic to
mice. Hughes et al. (2008) detected T. gondii
DNA in the brains of 39/57 (68%) wild rabbits
from the UK. Most recently, Dubey et al. (2011)
isolated viable T. gondii from domestic O. cuni-
culus in Brazil. Examining the serum and
brains, they found antibodies in 2/21 (10%)
rabbits by the modified agglutination test
(titer 1:25 or higher); also, viable T. gondii was
isolated from both seropositive rabbits by
bioassay in mice from one rabbit and by
bioassay in a cat from the other. Their rabbit
strain (TgRabbitBr1) was highly virulent for
out-bred mice; those fed one infective oocyst
died of acute toxoplasmosis. Their rabbit isolate
of T. gondii was grown in CV1 cell culture and
tachyzoite-derived DNA was genotyped using
10 PCR-restriction fragment length polymor-
phism markers (SAG1, SAG2, SAG3, BTUB,
GRA6, c22e8, c29e2, L358, PK1 and Apico).
They noted that their rabbit isolates were genet-
ically most similar to isolates from cats from
Brazil.

HOST GENUS SYLVILAGUS
GRAY, 1867

Using the SFDT, Smith and Frenkel (1995)
found T. gondii antibodies in 3/12 (25%) cotton-
tails (S. floridanus) from east central Kansas,
USA.

CLINICAL TOXOPLASMOSIS

Dubey and Beattie (1988) cited several
reports of epizootics in rabbits and hares (Chris-
tiansen and Siim, 1951; Møller, 1958; Anderson
and Garry-Anderson, 1963; Harcourt, 1967),
mainly from Scandinavia, and these epizootics
have been recognized since the early 1950s
(Christiansen and Siim, 1951; Gustafsson et al.,
1989). In one study, 264/2,812 (9%) hares exam-
ined from 1935e1950 died of acute toxoplas-
mosis (Christiansen and Siim, 1951). Epizootics
were highest during winter months (January,
February), lowest during summer (June, July),
and hares died of hepatitis, pneumonia, and
mesenteric lymph node adenitis (Christiansen
and Siim, 1951; Møller, 1958; Anderson and
Garry-Anderson, 1963; Harcourt, 1967). There
also is a report of an outbreak of toxoplasmosis
among hares (Lepus timidus ainu) in Sapporo,
Japan (Shimizu, 1958), but Dubey (2010) said
that these epizootics have not been seen in other
countries. There are two reports of acute toxo-
plasmosis involving O. cunculus in Georgia,
Massachusetts, and Texas, from the USA
(Dubey, 2010, Table 18.2, p. 232); the predomi-
nant lesions were in the spleen.

Experimentally, both domestic rabbits and
hares can be made susceptible to clinical toxo-
plasmosis, particularly by the oral inoculation
of oocysts (Gustafsson et al., 1997; Dubey, 2010).
Seven hares and nine rabbits fed 50 sporulated
oocysts of T. gondii (Swedish isolate TgSwef)
were killed 7 or 8 days PI, before they became
severely ill. All hares had histological evidence
of acute visceral toxoplasmosis characterized by
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necrosis, whereas lesions in rabbits were mainly
inflammatory (Gustafsson et al., 1997). Sedlák
et al. (2000) conducted a similar experiment in
the Czech Republic; 12 rabbits and 12 hares
were fed 10, 1000, or 100,000 T. gondii oocysts
(four animals for each dose) and observed for
33 days PI. All hares died of acute visceral toxo-
plasmosis between 8 and 19 days PI; hares fed 10
oocysts died 12e19 days PI. Three rabbits (one in

each dose) died of concurrent bacterial infection,
but the remainder survived and were found to
have tissue cysts. Both hares and rabbits serocon-
verted between 7 and 12 days PI. Rabbits have
been used in the laboratory to study the patho-
genesis of toxoplasmic chorioretinitis, because
they are highly susceptible to T. gondii infection
and have eyes big enough for manipulation
(Garwig et al., 1998).
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TABLE 8.1 Apicomplexa: Sarcocystidae (Besnoitia, Sarcocystis, Toxoplasma) Known from all Lagomorpha

Besnoitia, Sarcocystis,

Toxoplasma spp. Definitive host(s) Intermidiate host(s) References

B. besnoiti Felis silvestris Oryctolagus cuniculus Besnoit & Robin, 1912; Marotel, 1912;
Henry, 1913; Pols, 1960; Neuman,
1962; Peteshev et al., 1974; Wallace &
Frenkel, 1975; Dubey, 1976; Tadros &
Laarman, 1976; Frenkel, 1977; others,
see text

B. jellisoni Unknown Peromyscus maniculatus

Ory. cuniculus

Frenkel, 1955b, 1965; Bigalke, 1967,
1968; Basson et al., 1970; Ito et al.,
1978

B. wallacei F. silvestris Ory. cuniculus Wallace & Frenkel, 1975; Frenkel,
1977; Ito et al., 1978; Mason, 1980;
McKenna & Charleston, 1980; Ito &
Shimura, 1986; Ng’ang’a et al., 1994

B. sp. Unknown Ory. cuniculus Mbuthia et al., 1993

B. sp. Unknown Ory. cuniculus Venturini et al., 2002

S. dogeli Unknown Ochotona dauurica Matschoulsky, 1947b; Levine and
Tadros, 1980; Odening et al., 1994c

S. galuzoi Unknown Och. alpine Levit et al., 1984; Odening et al., 1994c

S. germaniaensis Unknown Lepus europaeus Witzmann, 1982; Witzmann et al.,
1983; Odening et al., 1996

S. cuniculi F. silvestris Ory. cuniculus
L. europaeus

L. timidis (?)

Brumpt, 1913; Tadros and Laarman,
1977; Collins, 1979; Munday et al.,
1980

S. leporum F. silvestris

Procyon lotor

Sylvilagus floridanus

S. nuttallii

S. palustris

Crawley, 1914; Le Dune, 1936;
Morgan and Waller, 1940; Bell and
Chalgren, 1943; Vande Vusse, 1965;
Crum and Prestwood, 1977; Fayer
and Krandel, 1977; Cosgrove et al.,
1982; Elwasilia et al., 1984
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S. sp. cf. bertrami Unknown L. europaeus Doflein, 1901; Odening et al., 1994c

S. sp. cf. cuniculi Unknown L. europaeus Brumpt, 1913; Odening et al., 1994c

S. sp. Unknown Och. collaris Rausch, 1961

S. sp. Unknown Och. princeps Barrett and Worley, 1970

S. sp. Unknown Och. princeps Grundmann and Lombardi, 1976

S. sp. Unknown Och. alpine Levit et al., 1984

S. sp. #1 Unknown Och. alpine Fedoseenko, 1986; Odening et al.,
1994c

S. sp. #2 Unknown Och. alpine Fedoseenko, 1986

S. sp. #1 Unknown L. europaeus Odening et al., 1994c

S. sp. #2 Unknown L. europaeus Odening et al., 1994c

S. sp. #2 Unknown L. europaeus Odening et al., 1996

S. sp. Unknown S. floridanus Stiles, 1894

S. sp. Unknown S. floridanus (?) Bell and Chalgren, 1943

T. gondii F. silvestrris Lepus spp.
Ory. cuniculus

Sylvilagus spp.

Numerous authors, see text
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Cryptosporidium and Cryptosporidiosis
in Rabbits
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INTRODUCTION

All known members of the genus Cryptospo-
ridium possess features of both the coccidia and
the gregarines, and as more evidence accumu-
lates it seems clear that they represent a distantly
related lineage of the Apicomplexa (Barta and
Thompson, 2006; but also see Bull et al., 1998;
Butaeva et al., 2006; Valigurová et al., 2007,
2008). Earlier studies based only upon small-
subunit (SSU) rRNA sequences suggested that
Cryptosporidium was a lineage that emerged
very early among the Apicomplexa (Zhu et al.,
2000). Later re-evaluations for SSU rRNA, fused
SSU/large-subunit (LSU) rRNA, and six protein
sequences using phylogenetic reconstruction

methods of distance-based neighbor-joining,
maximum-parsimony, and maximum-
likelihood methods showed a trend for the very
early emergence of Cryptosporidium at the base
of the Apicomplexa (Zhu et al., 2000); also,
Slow-Fast analysis, which focuses upon the
slowly evolving positions within sequences,
and is useful if a long-branch attraction (LBA) is
suspected, showed no role in this placement
(Zhu et al., 2000). We know that the eimeriid
and sarcocystid coccidia are intracellular and
intracytoplasmic, whereas the cryptosporidids
are intracellular, but extracytoplasmic; thus, there
are distinct biological differences. Dr. G. Zhu
(Texas A&M University, pers. comm.) asks the
reasonable question: “Are we ready to remove
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the Cryptosporidium group out of the coccidia-
proper to form a new group (Class?), perhaps
on an equal status with the Haematozoa and
the Gregarina?” We are convinced that someone
needs to take the time and have the courage to
make this change; the sooner, the better.

The genus Cryptosporidium was first defined
by Tyzzer (1907, 1910) when he described the
type species,C. muris, in the stomach of amouse;
2 years later (1912) he described C. parvum in the
mouse small intestine. We now know that
members of this protozoan genus infect all
classes of vertebrates and at least 260 vertebrate
species (Shi et al., 2010). In 2000, Fayer et al.
said there were 10 valid species in this genus,
but currently 20 valid Cryptosporidium species
are reported (Robinson and Chalmers, 2009), of
which 14 infect mammals, three infect birds,
two infect reptiles, and one infects amphibians;
valid species names for the cryptosporidia in
fish are lacking (Fayer, 2007, 2010). In addition,
there are more than 60 Cryptosporidium geno-
types of uncertain species status (Shi et al.,
2010). All species are obligate, intracellular (but
extracytoplasmic) protists that undergo endoge-
nous development culminating in the produc-
tion of an encysted stage discharged in the
feces. Thus, transmission is fecaleoral, either
through direct contact with infected hosts or
through multiple other vehicles that include
recreational (lakes, streams, etc.) and drinking
water, food, or fomites (Casemore, 1990).Crypto-
sporidium species are widespread among verte-
brates, causing mainly gastrointestinal disease
in mammals and reptiles and enteric, renal, and
respiratory disease in birds. Respiratory disease
is also very occasionally seen in mammals,
including humans. Although infection has been
reported in fishes, amphibians, and snakes,
disease is not well described in these hosts
(Fayer, 2007, 2010; Duszynski and Upton, 2009).

In human cryptosporidiosis, symptoms can
last for up to 3 wks, but are usually self-
limiting; however, disease can be prolonged
and life-threatening for immune-compromised

patients (Hunter and Nichols, 2002). Under-
standing the hosts, sources of infection, and
transmission routes is vital for control of these
parasites, for which specific treatment options
are limited and vaccines are lacking. Zoonotic
transmission has long been recognized; the first
human cases were reported in 1976 (Meisel
et al., 1976; Nime et al., 1976) and, although
the source could not be confirmed, both cases
lived on cattle farms. Another 11 cases were
reported over the next 6 yr, and the parasite
now has been reported from > 90 countries on
six continents (Ugar, 1990). By the early 1980s,
outbreaks among veterinary students and
workers demonstrated the risk to animal
handlers (Current et al., 1983; Jokipii et al.,
1983; Chalmers and Giles, 2010). Historically,
clinical laboratory testing by animal handlers
(e.g., veterinarians) is only for the presence/
absence of the parasite, and most infections in
companion animals and humans were ascribed
to C. parvum. A legacy of this lack of species
differentiation has been an assumption that all
animal hosts pose an equal risk to humans.
Today, genetic analysis can be undertaken to
identify the infecting species and their subtypes,
to ascertain parasiteehost adaptation, track
sources of infection, and evaluate the risk of
zoonotic transmission. Fayer (2007, 2010)
warned that species validity requires sufficient
morphological, host range, and genetic data;
genetically distinct isolates lacking sufficient
data are referred to as “genotypes” and these
are often named for the animal from which
they were originally found. Some degree of
host adaptation is evident: Cryptosporidium
species infecting reptiles and amphibians, do
not appear to infect mammals or birds.

CRYPTOSPORIDIUM IN RABBITS

It appears that rabbits are susceptible to infec-
tion with Cryptosporidium “rabbit genotype”
(now a junior synonym of C. cuniculus; see
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below), C. parvum and C. meleagridis. All of these
species are human pathogens, and the role of
rabbits as a potential source of zoonotic Crypto-
sporidium must be considered as a possible risk
to public health. Our current understanding
and knowledge of Cryptosporidium in rabbits is
limited. Since the first mention of Cryptospo-
ridium in rabbits by Tyzzer (1912), the parasite
has been reported from farm, pet, laboratory,
and wild rabbits (Iseki et al., 1989; Zhang
et al., 1992; Pavlásek et al., 1996; Mosier et al.,
1997; Sturdee et al., 1999; Xiao et al., 2002;
Ryan et al., 2003; Shiibashi et al., 2006; Robinson
and Chalmers, 2009). Recently, new zoonotic
risks seem to have emerged that document at
least one outbreak in humans, caused by a Cryp-
tosporidium sp. of a rabbit genotype (Robinson
and Chalmers, 2009; Chalmers and Giles,
2010). Both rabbits and humans are the only
known major hosts of the rabbit genotype, and
no minor hosts have yet been identified (see
Robinson and Chalmers, 2009, for summary).
These studies reinforce the need to characterize
infecting and contaminating isolates to ensure
appropriate interventions. In particular, it is
important to describe and characterize the risks
of zoonotic cryptosporidiosis by detailing the
hosts acting as a potential reservoir, the risks
of transmission to humans, outbreaks in
animal-associated settings, and guidance for
control. However, the biological mechanisms
for host adaptation, pathogenicity, and viru-
lence are not well understood. The prevalence
of cryptosporidiosis in rabbits may be much
higher than indicated by the number of reports
in the literature, and the true prevalence of Cryp-
tosporidium in rabbits is affected by several
factors, including population density and struc-
ture, the age of the host, and exposure to infec-
tive oocysts. Many infections may be missed
because of a number of factors, including the
miniscule size of the parasite, the presence of
small numbers of organisms, and possible
confusion with Eimeria as has been done previ-
ously (Tyzzer, 1912; see Ryan et al., 1986).

FAMILY LEPORIDAE G. FISCHER,
1817

HOST GENUS ORYCTOLAGUS
LILLJEBORG, 1873

Cryptosporidium cuniculus Inman and
Takeuchi, 1979

Synonym: Cryptosporidium sp. Tyzzer, 1929;
Cryptosporidium rabbit genotype.

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Type locality: NORTH AMERICA: USA:
Washington DC.

Other hosts: Homo sapiens L., 1758, Humans;
Sylvilagus floridanus (J.A. Allen, 1890), Eastern
cottontail (?).

Geographic distribution: ASIA: China;
AUSTRALIA: New South Wales, Victoria;
EUROPE: Belgium, England, Czech Republic,
Hungary, Netherlands; NEW ZEALAND;
NORTH AMERICA: USA: California, Illinois
(?), Massachusetts, Texas, Washington DC.

Description of sporulated oocyst: Oocyst shape:
subspheroidal to ellipsoidal; number of walls: 1;
wall characteristics: clear, thick, and smooth
with a suture at one pole; L � W: 6.0 � 5.4
(5.6e6.4 � 5.0e5.9); L/W ratio: 1.1; OR: present;
OR characteristics: composed of fine granules
and a large spherical globule, ~1.4, in each
oocyst; M, PB: both absent. Distinctive features
of oocyst: very small, typical cryptosporidial
oocyst.

Description of sporozoites: four naked SZ are
present in each oocyst.

Prevalence: Inman and Takeuchi (1979) said
that they saw several cases at Walter Reed
Army Institute of Research, Washington DC,
and C. cuniculuswas found in 2/6 (33%) healthy
New Zealand female rabbits from California.
Chalmers et al. (2009a, b) isolated “rabbit geno-
type” profiles (see Robinson et al., 2010, who
synonymized this genotype with C. cuniculus)
from 23/34 (68%) human stool samples that
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were laboratory-identified cases of cryptospo-
ridiosis in Northamptonshire, England. All
case-patients lived in the area affected by
a contaminated water supply incident and had
onset dates consistent with exposure by
drinking water or by person-to-person spread
(Chalmers et al., 2009a, b). In a systematic
review of the literature using electronic searches
of seven online databases (e.g., Pub-Med, Web
of Knowledge, etc.) and “gray literature” (i.e.,
not published in peer-review journals), Robin-
son and Chalmers (2009) said that Cryptospo-
ridium in European rabbits was reported from
13 countries and in 8/11 studies of wild rabbits
(see their Table 1); unfortunately, most of the
studies were of incidental findings rather than
population-based prevalence studies, so they
could not be sure of the species or genotype
causing most natural infections in rabbits as
a result of a lack of molecular characters. Nolan
et al. (2010) used molecular tools to detect C.
cuniculus in rabbits in four locations in Victoria,
Australia, by PCR-coupled sequencing and
phylogenetic analysis of sequence data for loci
within the SSU rRNA of nuclear rRNA and the
60-kDa glycoprotein gene (GP60); they detected
C. cuniculus in 12/176 (7%) fecal samples. For
the SSU rRNA gene, all 12 sequences were iden-
tical to each other and to that of C. cuniculus (of
Robinson et al., 2010) and for the GP60 gene, all
sequences matched the known genotype Vb and
were classified as subgenotype VbA23R3 (N ¼
11) and VbA26R4 (N ¼ 1). They noted that
present evidence indicated that genotype Vb is
limited to rabbits. Also see various surveys
and prevalence studies under Cryptosporidium
“rabbit genotype” below (e.g., Shi et al., 2010).

Sporulation: Endogenous.
Prepatent and patent periods: Prepatency is 4e7

days; patency lasts 7 days (Robinson et al.,
2010).

Site of infection: Brush border of the villar
epithelial cells in the small intestine, mostly
the ileum (Inman and Takeuchi, 1979; Robinson
et al., 2010), but also in the jejunum (Rehg et al.,

1979). Developmental stages were never seen in
areas below the base of adjacent microvilli.

Endogenous stages: Meronts contained eight
merozoites and a residuum.

Cross-transmission: Experimental infections
were established in weanling rabbits, immune-
suppressed Mongolian gerbils (Meriones
unguiculatus Milne-Edwards, 1867), and
immune-suppressed Porton-strain laboratory
(house) mice (Mus musculus L., 1758), but not
in neonatal mice.

Pathology: Very little. The infected rabbit from
which this species first was described (Inman
and Takeuchi, 1979) did not have diarrhea and
seemed healthy. However, histologically,
infected areas of the ileum had short, blunt villi
with a moderate decrease in the villus-crypt
ratio, slight edema in the lamina propria, and
dilated lacteals. Although many lymphocytes
were seen in the epithelium, there was no
increase in the number of either acute or chronic
inflammatory cells (Inman and Takeuchi, 1979).
When examined by both transmission (TEM)
and scanning electron microscopy (SEM), the
endogenous developmental stages were found
closely attached to the host cell surface displac-
ing or replacing the microvilli, which were
absent wherever the organisms were located.
Some microvilli near the parasites were slender,
elongated, and closely apposed to them, while
others had a bleb at their tip. Rehg et al. (1979)
noted that microvilli were disrupted at the site
of the organisms, but adjacent microvilli were
either longer or shorter than those of non-
infected cells; occasionally, a conical elevation
or a depression of the infected host cell surface
also was observed at the parasite’s attachment
site. Robinson et al. (2010) saw no clinical signs
in rabbits, immune-suppressed Mongolian
gerbils, or Porton-strain mice, although they
did say that occasionally they saw infiltrations
of eosinophils in the base of the lamina propria
and the tips of the villi. A number of other
reports commented on the lack of clinical signs
and the low numbers of parasites present,
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particularly in weaned and older rabbits (Inman
and Takeuchi, 1979; Rehg et al., 1979; Peeters,
1988; Pavlasek et al., 1996; Cox et al., 2005; Shii-
bashi et al., 2006). Experimental infection of
3-day-old rabbits, with a rabbit-derived isolate,
caused liquid diarrhea and high mortality,
whereas weaned rabbits suffered no mortality
and little diarrhea (Peeters, 1988). Similarly,
Pavlasek et al. (1996) found that in weaned
rabbits > 50 days old, the occurrence of Crypto-
sporidium decreased significantly and that cryp-
tosporidiosis was particularly pathogenic to
rabbits between 30 and 40 days old. An inter-
esting suggestion from these latter two sets of
authors was that the source of infection in these
young rabbits was from their mothers, who
seemed to excrete oocysts sporadically, shortly
before parturition and several days thereafter
(Robinson and Chalmers, 2009).

Material deposited: A phototype, purified
oocysts, genomic DNA, paraffin-embedded
and fixed tissue on slides are archived in the
UK Cryptosporidium Reference Unit, Swansea,
Wales, UK. GenBank accession numbers for
the type strain rabbit isolate (W17211) at SSU
rRNA, HSP70, GP60, BIB13, COWP and actin
genes, respectively, are: FJ262725, FJ262728,
FJ262731, GU327781-GU327783.

Remarks: In various publications, Tyzzer (1907,
1912, 1929) remarked, in passing, that he had
found a Cryptosporidium species similar to C. par-
vum (of the laboratory mouse) in the rabbit’s
intestine, but did not discuss it further. It was
again found in laboratory rabbits by Inman and
Takeuchi (1979), who finally named it, but did
so based on morphology (LM, SEM, TEM),
epidemiology, and their belief at the time of strict
host-specificity for Cryptosporidium species,
a concept we now know is not true. Rehg et al.
(1979) found C. cuniculus in two apparently
healthy rabbits from a rabbitry in California.
Ryan et al. (1986) found Cryptosporidium in
a wild cottontail rabbit, S. floridanus, found
dead in a live trap in Monticello, Illinois, USA,
but it is unknown whether this was C. cuniculus,

C. parvum, or another (?) “rabbit genotype.”
Finally, Robinson et al. (2010), based on very
small molecular differences combined with
more distinct biological differences, settled the
issue (for now) by presenting a reasonable case
for synonymizing the “rabbit genotype” from
previous studies in China, the Czech Republic,
and England, with C. cuniculus first named by
Inman and Takeuchi (1979). The measurements
for the oocyst description used above are from
Robinson et al. (2010), because Inman and Take-
uchi (1979) didn’t provide measurements and
said only that the oocysts they sawwere, “similar
to that of C. wrairi from the guinea pig,” but did
not otherwise describe them (also see Jervis et al.,
1966; Vetterling et al., 1971). The measurements
given by Robinson et al. (2010) are slightly larger
than those of C. parvum and C. hominis, although
the shape of the oocysts of all three species is
similar. Measurements given by Shi et al. (2010)
for oocysts they measured in China of Cryptospo-
ridium “rabbit genotype” (now known to be C.
cuniculus) were 5.1 � 4.8 (4.9e5.4 � 4.5e5.1)
with L/W ratio 1.07 (1.0e1.1), while C. hominis
oocysts, as reported by Morgan-Ryan et al.
(2002), were 5.2 � 4.9 (4.4e5.9 � 4.4e5.4).

The prevalence of cryptosporidiosis in
rabbits may be much higher than indicated by
the number of reports in the literature. For
example, Robinson and Chalmers (2009) sug-
gested that in rabbits Cryptosporidium infection
may be as high as 5%, but with the caveat that
more large-scale, population-based epidemio-
logical studies are needed. A second caveat
(Robinson and Chalmers, 2009) was that not
all Cryptosporidium detected in rabbits are neces-
sarily C. cuniculus, because C. parvum and C.
meleagridis also have been documented to infect
rabbits. In fact, Robinson et al. (2010) inferred
a close phylogenetic relationship between C.
cuniculus and C. parvum from molecular anal-
yses at the SSU rRNA, 70-kDa heat shock
protein (HSP70), actin, Cryptosporidium oocyst
wall protein (COWP), and 60-kDa glycoprotein
(GP60) genes, and at a region encoding
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a product of unknown function (LIB13). Many
infections may be missed because of a number
of factors, including the miniscule size of the
parasite’s oocyst stage, the presence of small
numbers of organisms, and possible confusion
with Eimeria, as had been done by Tyzzer
(1912; see Ryan et al., 1986). Both pet and wild
rabbits are a potential source of human crypto-
sporidiosis and, as such, good hygiene is recom-
mended during and after handling rabbits or
exposure to their feces.

Cryptosporidium meleagridis Slavin,
1955

Type host: Meleagris gallopavo L., 1758,
Common turkey.

Type locality: EUROPE: Scotland: Lasswade.
Other hosts: Coturnix coturnix L., 1758,

Common quail (Chalmers and Giles, 2010, no
reference given); Gallus gallus L., 1758, Domestic
chicken; Peromiscus sp., deer mouse (Chalmers
and Giles, 2010, no reference given); Canis famil-
iaris, Domestic dog (Chalmers and Giles, 2010,
no reference given); Alectoris rufa L., 1758, Red-
legged partridge (Chalmers and Giles, 2010, no
reference given); Psittacula kramerii Soopoli,
1789, Rose-ringed parakeet (Chalmers and
Giles, 2010, no reference given), Oryctolagus
cuniculus (L., 1758) (syn. Lepus cuniculus), Euro-
pean (domestic) rabbit.

Geographic distribution: Cosmopolitan.
Description of sporulated oocyst: Oocysts:

ovoidal; L � W: 4.5 � 4.0 and appear indistin-
guishable from those of C. parvum.

Description of sporozoites: Presumably, four SZ
occur within each oocyst. Although Slavin
(1955) saw enormous numbers of oocysts in
smears, SZ could not be identified within them.

Prevalence: Low.
Sporulation: Endogenous (?); however, Slavin

(1955) never saw oocysts with four SZ inside
them. He explained this as follows: “as the
zygote develops to the oocyst stage it quickly
loses its hold on the epithelial surface and is

swept along with the intestinal contents; hence,
not many sporulated forms would be seen in
tissue preparations. Sporulation of the oocyst
within the host is not prominent in C. meleagridis
and although enormous numbers of oocysts
have been seen in rectal smears no sporulated
forms have been found.”

Prepatent and patent periods: Unknown.
Site of infection: Developmental stages of

a parasite that conformed to those found by Tyz-
zer (1907) from the small intestine of mice were
found on the villus epithelium in the terminal
one-third of the small intestine of turkeys in
Scotland, and the parasite did not appear to
invade host tissues (Slavin, 1955).

Endogenous stages: Based on dried smears
stained by the MacNeal-modified Romanowsky
method, the cytology and measurements of
merozoites, trophozoites, meronts, gametes,
and oocysts were done and the organism was
given this name as a new species (Slavin,
1955). Merozoites were slender, 5 � 1.1, and
tapered toward the ends, with one end blunter
than the other; they had an ovoidal N that was
sub-terminal. Young meronts (which Slavin,
1955, called trophozoites) were ovoidal, w4e5
wide, and had an eccentric ovoidal N. They
attached to the villi of the intestinal epithelium
in enormous numbers, almost to form
a “covering sheath.” Slavin (1955) also said
that these trophozoites “have been seen in the
goblet cells and between cells as far down as
the basement membrane.” Meronts were
ovoidal, 4� 5, with eight evenly dispersed small
chromatin bodies that later formed merozoites.
Macrogametocytes were roughly ovoidal struc-
tures, 4.5e5.0 � 3.5e4.0, with an eccentric N.
Microgametocytes were rounded or ovoidal
and w4.0 wide at their greatest diameter, with
16 N around the periphery. Macrogametocytes
were seen on the surface of epithelial cells,
deep in the mucosa, within the N of epithelial
cells, and seemed to emerge from the N. Micro-
gametes were small, solid chromatin rods, 1.0 �
0.3, with rounded ends, but no flagella were
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seen (Slavin, 1955). Slavin (1955) wrote about
the juxtaposition of male and female elements,
called syzygy, and said it “is characteristic of
the Cryptosporidium described here.” He went
on to report that it was common for him to
find developing microgametocytes and macro-
gametocytes “close together in twos or in fours
. and to find a microgametocyte beside a fertil-
izedmacrogamete. The latter have not been seen
with more than one microgamete attached.”
This allowed him to conclude that microga-
metes of C. meleagridis are most likely non-
motile and that “their unvarying shape confirms
this.”

Cross-transmission: No attempts were made
by Slavin (1955) to transmit this parasite to other
hosts, although subsequent studies have
demonstrated that turkeys and chickens were
susceptible to infection after oral inoculation
with C. meleagridis oocysts (Lindsay and Blag-
burn, 1990). This species also was shown to
infect neonate rabbits (Mosier et al., 1997; Dara-
bus and Olariu, 2003).

Pathology: Illness with diarrhea and a low
death rate in 10e14-day-old turkey poults was
associated with the parasite (Slavin, 1955). There
also is evidence for association of this species
with diarrhea in children in a shanty town in
Peru (Cama et al., 2008).

Materials deposited: None.
Remarks: Lindsay et al. (1989) gave measure-

ments of 5.2 � 4.6 (4.5e6.0 � 4.2e5.3) for viable
oocysts from turkey feces. Interestingly, this
intestinal species is the only bird species known
to infect many mammalian hosts, including
humans and rabbits. Molecular analysis of
a turkey isolate in North Carolina, USA, and
a parrot isolate in Australia at the SSU rRNA,
HSP70, COWP, and actin loci demonstrated
the genetic uniqueness of C. meleagridis (Xiao
et al., 1999, 2000; Morgan et al., 2000; Sulaiman
et al., 2000, 2002). Viable oocysts measured 5.1
by 4.5 (Morgan et al., 2000). When the
morphology, host specificity, and organ location
of C. meleagridis from a turkey in Hungary were

compared with those of a C. parvum isolate,
phenotypic differences were small, but statisti-
cally significant (Sreter et al., 2000). Oocysts of
C. meleagridis were successfully transmitted
from turkeys to immune-suppressed mice and
from mice to chickens. Sequence data for the
SSU rRNA gene of C. meleagridis isolated from
turkeys in Hungary were found to be identical
to the sequence of a C. meleagridis isolate from
North Carolina. Even though it has been sug-
gested C. meleagridis may be C. parvum (Cham-
pliaud et al., 1998; Sreter and Varga, 2000),
results of molecular and biological studies
have confirmed that C. meleagridis is a distinct
species (Xiao et al., 1999, 2000, 2002; Morgan
et al., 2000, 2001; Sreter et al., 2000; Sulaiman
et al., 2000, 2002). Cryptosporidium meleagridis is
known to infect other avian hosts (for example,
parrots), not just turkeys (Morgan et al., 2000,
2001). It also is the third most common Crypto-
sporidium parasite in humans (Pedraza-Diaz
et al., 2000; Xiao et al., 2001). Several subtypes
of C. meleagridis have been described based on
multilocus analysis (Glaberman et al., 2001).

Cryptosporidium parvum Tyzzer, 1912

Type host: Mus musculus (L., 1758), House
mouse.

Type locality: NORTH AMERICA: USA:
Massachusetts, Cambridge.

Other hosts: > 150 known mammalian species
(Robinson and Chalmers, 2009) including Homo
sapiens L., 1758, Humans; ruminants including
cattle, sheep, goats; laboratory rodents, etc.

Geographic distribution: Cosmopolitan.
Description of sporulated oocyst: Oocyst shape:

spheroidal; number of walls: 1; wall characteris-
tics: smooth, with a suture along one side; L �
W: 5.2 � 4.6 (5e6 � 4e5); L/W ratio: 1.1e1.2;
M: absent; OR: present; OR characteristics: sphe-
roidal; PG: absent. Distinctive features of oocyst:
very small size and lack of sporocysts.

Description of sporozoites: four SZ occur within
the oocysts.
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Prevalence: Highly variable and dependent
upon the host and the circumstances of infec-
tion. For example, cryptosporidiosis may occur
sporadically or as outbreaks following zoonotic
transmission from farm animals, person-to-
person spread, or the contamination of water
supplies (Casemore, 1991). Clinical symptoms
following the consumption of contaminated
water may affect hundreds or even thousands
of consumers, as outbreaks in Devon, UK
(Anonymous, 1995, 2008) and Milwaukee,
USA (MacKenzie et al., 1994) have shown.

Sporulation: Endogenous.
Prepatent and patent periods: Prepatent period

is generally 4 days and patency generally lasts
7e10 days in immune-competent hosts, but
can become extensively prolonged in immune-
suppressed animals.

Site of infection: Preferred site of infection is
the ileum, although other sites also can be colo-
nized. Each generation can develop and mature
in as little as 14e16 hr. Due to the rapidity of the
life cycle and to the auto-infective cycles, huge
numbers of organisms can colonize the intes-
tinal tract in several days. The ileum soon
becomes crowded, and secondary sites such as
the duodenum and large intestine are often
infected. In immune-suppressed individuals,
parasites sometimes are found in the stomach,
biliary and pancreatic ducts, and respiratory
tract.

Endogenous stages: Merogony resulted in the
formation of eight merozoites within the mer-
ont; these are termed Type I meronts. The mero-
zoites penetrate new cells and undergo another
merogony. Type I merozoites are thought to be
capable of recycling indefinitely; thus, the
potential exists for new Type I meronts to arise
continuously (Duszynski and Upton, 2001).
Some Type I merozoites were triggered into
forming a Type II meront, which contained
only four merozoites. When liberated, Type II
merozoites appeared to form the sexual stages.
Some Type II merozoites entered cells, enlarged
into the macrogametocyte, and then formed

macrogametes. Others entered cells to become
microgametocytes that undergo multiple fission
to form 16 non-flagellated microgametes. Micro-
gametes ruptured from the microgametocyte
and penetrated macrogametes, forming
a zygote. Sporogony occurred, resulting in the
production of four SZ; thus, sporulated oocysts
are passed in the feces into the environment
(Duszynski and Upton, 2001). About 20% of
the oocysts produced in the gut failed to form
an oocyst wall, and only a series of membranes
surround the developing SZs. These “oocysts,”
devoid of a true wall, are sometimes termed
“thin-walled oocysts.” It is believed that the
SZs produced from these thin-walled oocysts
can excyst while still within the gut and infect
new cells. Thus, C. parvum appears to have
two auto-infective cycles: the continuous recy-
cling of Type I merozoites and the SZs rupturing
from thin-walled oocysts.

Cross-transmission: Numerous examples exist
in the literature (see Duszynski and Upton,
2001 for some examples).

Pathology: Significant illness due to C. parvum
rarely has been reported from wild-caught
animals, but it is common once the animals
become captive, when crowding and additional
stress become factors. Acute infection causes
moderate to severe diarrhea, weight loss,
abdominal cramping, lethargy, lack of appetite,
and occasionally fever. Severe dehydration
may occur that can result in electrolyte imbal-
ance and death. Some animals (e.g., chinchillas,
foals, hamsters, primates, many ruminants) are
more susceptible than others, and in these
significant mortality may occur, especially if
exposed to additional stress. Infections are asso-
ciated with villus atrophy and villus fusion,
infiltration of the lamina propria by inflamma-
tory cells, and sloughing and degeneration of
individual enterocytes. Metaplasia of the
surface epithelium to cuboidal or low columnar
cells also has been observed, and crypts may
become dilated and filled with necrotic debris.
These changes result in reduced absorption of
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vitamins and sugars, and it is likely that entero-
cyte damage results in impaired glucose-
stimulated Naþ and water absorption. Since
disaccharidase activity is thought to decrease
due to the loss of mature enterocytes, it has
been postulated that the un-degraded sugars
also may allow for bacterial over-growth and
a change in osmotic pressure due to the forma-
tion of volatile free fatty acids (Duszynski and
Upton, 2001). In humans, healthy individuals
may clear the infection in less than a month,
but those who are immunosuppressed, particu-
larly AIDS patients, suffer prolonged and poten-
tially fatal episodes of diarrhea (Casemore et al.,
1997).

Material deposited: None.
Remarks: Because so many mammalian

species can be infected with C. parvum, a large
potential zoonotic reservoir exists in wild,
domestic, and companion animals such as pet
rabbits. Numerous studies have demonstrated
or correlated transmission of this parasite from
various other animals to humans, especially to
children, and such cases usually involve direct
exposure to infected animals or their feces or
exposure to contaminated raw milk, food, or
water (see Duszynski and Upton, 2001, for
review). Sturdee et al. (1999) found 2/28 (7%)
wild O. cuniculus in central mainland Britain to
be passing oocysts of C. parvum. Their finding,
along with finding C. parvum in other wild
mammals (primarily rodents), highlights the
potential for transmission between host species
and warns of the possibility of direct exposure
for anybody using the countryside for profes-
sional or recreational purposes. In Belgium, Pee-
ters et al. (1986) found Cryptosporidium species
in 7/29 (24%) rabbitries examined during an
epidemiological survey. They did not attempt
to identify the species of Cryptosporidium, but
from the pathology observed, it seems more
likely to be C. parvum then C. cuniculus; this is
only a “best guess” on our part. In unweaned
rabbits, experimental infection caused liquid
diarrhea and high mortality, while only discrete

lesions and no mortality were found in weaned
rabbits, but their weight gain was reduced 32%
in the second week PI. Light and TEM of histo-
logical sections showed severe atrophy of intes-
tinal villi (Peeters et al., 1986). Infection with C.
parvum is of concern for human and other
animal health because the ingestion of even
low numbers of oocysts can cause severe diar-
rhea for reasons explained above (and see
Angus, 1987). The oocysts survive well outside
the host and are resistant to chlorination levels
used for disinfection of tap water. Many wild
mammals have been identified as reservoirs of
C. parvum, and the infection in most of these
mammals appears to be asymptomatic, but
oocysts shed in the feces may pose a threat to
human health in urban and rural environments,
particularly for individuals who may have
frequent contact with animal feces such as field
and farm workers or veterinarians. Wild rabbits
share habitats with farm animals or travel
through grazing land used by them, enabling
ample opportunity for transmission of C. par-
vum from animal to animal and providing
a link between rural and urban foci of the
disease. This could contribute to many of the
sporadic human cases of cryptosporidiosis in
towns and cities. Rabbits leave their many small
droppings wherever they forage, thus contami-
nating human and animal feed stores and
accommodations. There are still no reliably
effective treatments to combat cryptosporidiosis
(Fayer et al., 1990, 1997).

SPECIES INQUIRENDAE (2)

Cryptosporidium sp. of Tyzzer, 1929

Original host: Oryctolagus cuniculus (L., 1758)
(syn. Lepus cuniculus), European (domestic)
rabbit.

Remarks: Tyzzer (1929) commented in passing
that he had found a Cryptosporidium similar to C.
parvum from the laboratory mouse in the
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intestine of a rabbit, but he did not discuss it
further. It is now accepted that the form first
seen by Tyzzer (1929) likely is a synonym of C.
cuniculus.

Cryptosporidium “rabbit genotype”

Type host:Oryctolagus cuniculus (L., 1758) (syn.
Lepus cuniculus), European (domestic) rabbit.

Remarks: Prior to one drinking-waterborne
outbreak caused by a rabbit genotype in North-
amptonshire, England, in July, 2008 (Health
Protection Report, 2008), outbreaks of human
cryptosporidiosis were thought to be caused
only by C. parvum or C. hominis. However,
enhanced surveillance established by the health
protection team in the same affected area docu-
mented the rabbit genotype as a new human
pathogen (Chalmers et al., 2009a, b). They
detected Cryptosporidium oocysts in the large
bowel contents of a rabbit carcass found in
a tank at a water treatment plant in Northamp-
tonshire. During late July and August, 2008,
human stool samples from 34 local laboratory-
identified cases of cryptosporidiosis in the
affected area were typed. Cryptosporidium
species were identified by bidirectional
sequencing of PCR products generated by
nested PCR for the SSU rRNA gene. Samples
from 23/34 (68%) cases were homologous with
isolates from rabbits in the People’s Republic
of China (Xiao et al., 2002) and the Czech
Republic (Ryan et al., 2003); of the other 11
samples, six were not confirmed, two were C.
hominis, one was C. parvum, and two could not
be typed. All case-patients lived in the area
affected by the water supply incident and had
onset dates consistent with exposure by
drinking water consumption or by person-to-
person spread. However, it is not known
whether this rabbit genotype is identical or not
with C. cuniculus.

More recently, Shi et al. (2010) examined 1,081
fecal samples from rabbits on eight farms in five
different areas in Hunan Province, China.

Although the infection rate was relatively low,
37/1,081 (3.4%), they found a significant associ-
ation between prevalence and the age of
animals, with the prevalence of infection highest
(10.9%) in 1e3-mo-old rabbits. No apparent
clinical signs of cryptosporidiosis were seen in
the rabbits at the time of specimen collection.
The Cryptosporidium species in positive fecal
samples were genotyped by sequence analyses
of the 18S rRNA, 70-kDa heat shock protein
(HSP70), oocyst wall protein (COWP), and actin
genes and were subtyped by sequence analysis
of the 60-kDa glycoprotein (GP69) gene. Only
Cryptosporidium rabbit genotype was identified,
with 100% sequence identity to published
sequences of the 18S rRNA, HSP70, COWP,
and actin genes, and the strains belonged to
three GP60 subtypes (VbA36, VbA35, VbA29).
The authors emphasized that, “In view of the
recent finding of the Cryptosporidium rabbit
genotype in human outbreak and sporadic
cases, the role of rabbits in the transmission of
human cryptosporidiosis should be reassessed”
(Shi et al., 2010). Finally, as noted above, Robin-
son et al. (2010) presented the case for synony-
mizing the “rabbit genotype” from previous
studies in China, the Czech Republic, and
England, with C. cuniculus first named by Inman
and Takeuchi (1979).

ZOONOTIC POTENTIAL OF RABBIT
COCCIDIA

Close contact of humans with companion,
wild, or domestic animals provides a good
opportunity for direct transmission, as the
oocysts are already mature and infective when
shed in the feces of these animals. Since there
are no effective drugs against cryptosporidiosis
(Cacciò and Pozio, 2006), the identification and
genetic characterization of Cryptosporidium
from rabbits (and other wild and domesticated
animals) are essential to assessing sources of
infection, modes of transmission, and the
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potential risk of infection to those who work
with them. Because of the lack of host specificity,
it is not possible to reliably identify or differen-
tiate Cryptosporidium species or genotypes based
on host origin or by conventional coprological
techniques, including staining and immune-
staining (Jex et al., 2008; Jex and Gasser, 2010).
Thus, tools based on the PCR reaction are now
widely employed to define species and/or
genotypes and to assess the risk that Cryptospo-
ridium-infected animals pose as reservoirs for
human infection (Saiki et al., 1988; Cacciò and
Pozio, 2006; Smith et al., 2006; Nolan et al.,
2010). In particular, PCR-sequencing of genetic
loci, including SSU nuclear rRNA and the
60-kDA glycoprotein (GP60) gene, has been
shown to be a practical approach for the genetic
identification and characterization of Cryptospo-
ridium (Jex et al., 2008; Nolan et al., 2010). These
and other molecular-epidemiological studies

have linked outbreaks of cryptosporidiosis in
humans to livestock and a wide range of wild
animals, including rabbits (O. cuniculus), in
Europe, North America, China, and elsewhere
in the world (Hunter, 1999; Ong et al., 1999;
Chalmers et al., 2009a, b; Nolan et al., 2010).
The recent discovery that the “rabbit genotype”
of Cryptosporidium (now C. cuniculus; see above)
has been linked to diarrheal disease in humans
has raised considerable awareness about the
importance of investigating rabbits as a source
of Cryptosporidium transmissible to humans
(Robinson and Chalmers, 2009a, b; Smith et al.,
2010). Investigating the presence and distribu-
tion of genotypes in wild rabbits globally is
imperative, not only to determine the signifi-
cance of this host group as reservoirs of Crypto-
sporidium for transmission to humans, but also
to establish the mode(s) of transmission and
the real host range of this suite of parasites.

TABLE 9.1 All Known Cryptosporidium Species (Apicomplexa: Cryptosporididae) from Lagomorpha

Cryptosporidium spp. Type host spp. infected Rabbit/other host References

C. cuniculus Oryctolagus cuniculus Homo sapiens

Sylvilagus floridanus

Jervis et al., 1966; Vetterling
et al., 1971; Inman and
Takeuchi, 1979; Rehg et al.,
1979; Ryan et al., 1986; Peeters,
1988; Pavlasek et al., 1996; Cox
et al., 2005; Morgan-Ryan
et al., 2002; Shiibashi et al.,
2006; Chalmers et al., 2009a, b;
Robinson and Chalmers, 2009;
Nolan et al., 2010; Robinson
et al., 2010; Shi et al., 2010

C. meleagridis Meleagris gallopavo Coturnix coturnix
Gallus gallus

Peromiscus sp.

Canis familiaris

Alectoris rufa
Psittacula kramerii

Oryctolagus cuniculus

Slavin, 1955; Mosier et al.,
1997; Lindsay et al., 1989;
Lindsay and Blagburn, 1990;
Champliaud et al., 1998; Xiao
et al., 1999, 2000, 2001, 2002;
Morgan et al., 2000, 2001;
Pedraza-Diaz et al., 2000;
Sreter and Varga, 2000; Sreter
al., 2000; Sulaiman et al., 2000,
2002; Darabus and Olariu,
2003; Cama et al., 2008;
Chalmers and Giles, 2010

(Continued)
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TABLE 9.1 All Known Cryptosporidium Species (Apicomplexa: Cryptosporididae) from Lagomorpha (cont’d)

Cryptosporidium spp. Type host spp. infected Rabbit/other host References

C. parvum Mus musculus O. cuniculus

>150 other mammal
species

Tyzzer, 1912; Peeters et al.
1986; Angus, 1987; Casemore,
1991; MacKenzie et al., 1994;
Anonymous, 1995, 2008;
Casemore et al., 1997; Sturdee
et al.,1999; Robinson and
Chalmers, 2009

C. “rabbit genotype” O. cuniculus H. sapiens Xiao et al., 2002; Ryan et al.,
2003; Health Protection
Report, 2008; Chalmers et al.,
2009a, b; Shi et al., 2010
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INTRODUCTION

As we’ve seen in Chapters 1e9, at least six
genera of apicomplexan “coccidia” infect wild
and domesticated rabbits. Species of Eimeria, Iso-
spora, and Cryptosporidium have direct life cycles
with sporulated oocysts from one rabbit directly
infective to a second, susceptible rabbit. To
become infected with species of Besnoitia, Sarco-
cystis, and Toxoplasma, oocysts also are involved,
but not from another rabbit because species in
these genera have an obligate two-host, indirect
life-cycle that involves a carnivore definitive
host which discharges oocysts into the environ-
ment, while rabbits which ingest these oocysts
become intermediate hosts harboring only
asexual tissue stages, and eventually cysts, of
these parasites.

MANAGEMENT

All wild animals have multiple species of
coccidia that can, and do, infect them from
time to time. Some are highly pathogenic, others
moderately so, and still others are practically
nonpathogenic. Infections with only a single
species are rare in nature, so any observed
effects in wild populations is the result of the
combined actions of the particular mixture of
coccidia and other parasites present, together
with the modifying effects of the nutritional
condition of the host, and environmental factors
such as weather and management practices
(Levine, 1973a, b).

Coccidiosis, caused by intestinal and hepatic
coccidia (Cryptosporidium, Eimeria, Isospora), in
rabbits is self-limiting, both in the individual
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and in the local population. Because of the
ability of sporulated oocysts to resist environ-
mental extremes, they also are persistent in
wild populations. Although coccidia are the
most common gut parasites found in rabbits,
they rarely cause clinical signs of disease in
adult rabbits; thus, finding oocysts in the stool
of rabbits is very common and should not neces-
sarily prompt drug treatment (Quesenberry and
Carpenter, 2010). However, juveniles, < 6-mo-
old, are more susceptible and may become ill.
In a typical outbreak of coccidiosis, signs of
disease appear in only a few animals at first,
the number of affected animals can increase
rapidly to a peak in a few days to about
a week, and then the disease subsides spontane-
ously. In general, rabbit intestinal coccidia are
immunogenic and natural resistance occurs
that is highly species specific. Symptoms in
young, immune-compromised, or highly
susceptible adults include diarrhea that may
contain mucus and/or blood, weight loss, dehy-
dration, and death in severe infections. Animals
that survive the disease state develop species-
specific and, in some instances, strain-specific
immunity that may last for life (Bhat et al.,
1996; Quesenberry and Carpenter, 2010). Both
humoral and cell-mediated immunity are
involved, with the latter playing a predominant
role.

Those coccidia that cause disease by encyst-
ing within the tissues of rabbits (Besnoitia, Sarco-
cystis, Toxoplasma) are not self-limiting, and the
infections generally stay with the animal for its
lifetime. As noted in Chapter 8, some members
of these genera can cause pathology, even death,
in wild rabbits if they become heavily infected.
In natural populations of rabbits, nothing can
be done to manage either of these situations
once rabbits have ingested oocysts to which
they are susceptible.

In rabbitries, most raisers do little during the
early stages of intestinal infections because they
initially think the condition is unimportant and
will soon be over. Once more animals become

affected and losses occur, it takes some time to
establish a diagnosis (fecal oocysts, liver
lesions), so treatment often is not started until
the outbreak has reached its peak. Under such
circumstances, it matters little what treatment
is used because the disease will subside and
be over before the chemotherapy can have any
effect. This course of events is what is usually
encountered by the small-animal veterinarian.
The patient (pet rabbit) with coccidiosis is not
taken to the vet until it is already sick. By that
time, it is too late for any anti-coccidial drug to
be of value, although supportive treatment
and control of secondary infections may be
helpful.

It also must be kept in mind that the mere
presence of these intestinal coccidia does not
mean that they caused the observed enteritis.
Many rabbits carry a few intestinal coccidia
without suffering any noticeable effects. For
example, Lund (1951, p. 14) considered intes-
tinal coccidia to be the cause of enteritis in
only 80/1,541 (0.5%) infected rabbits. The etio-
logical agent of an enteritis also can be difficult
to diagnose because the ascospores of the
rabbit-specific yeast, Cyniclomyces guttulatus
(syn. Saccharomycopsis guttilata), may be difficult
to differentiate from oocysts by an inexperi-
enced technician (van Praag, 2011).

Likewise, infection of pet rabbits, and those
managed in rabbitries, with tissue-stage
coccidia is virtually undetectable at the time of
infection, as symptoms don’t begin to occur
until well after the zoites have migrated to the
tissues, the cysts begin to develop and mature,
and the host manifests an immune response to
the parasite(s), or not.

GENERIC METHODS OF CONTROL

Currently, prevention of contact with infec-
tive oocysts from all six apicomplexan genera
that can infect rabbits is the only practical
method of control. Duszynski and Upton
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(2009, pp. 304e306), in their book on snake
coccidia, detailed important steps in prevention
and early detection of coccidial infections and
outlinedmanagement and sanitation techniques
that need not be repeated here in detail. Thus,
our comments will be directed toward specific
control measures that can help to limit exposure
of rabbits to infective stages of these parasites.

Feeders and water dispensers or water crocks
should be designed so that they do not become
contaminated with rabbit droppings, and they
should be kept clean with disinfectant (e.g.,
10% aqueous (v/v) ammonia solution). Hutch
floors should be self-cleaning or should be
cleaned frequently and then kept dry, and
manure should be removed frequently. During
disinfection treatment of the environment,
rabbits should be kept in another part of the
home to avoid the danger of contact with the
cleaning product(s) and possible intoxication
therefrom.

In commercial operations, rabbits should be
kept in uncrowded, stress-free environments,
handled as little as possible, and care should
be taken not to contaminate the animals or their
food, utensils, or equipment. In addition, the
rabbitry should be kept as free as possible of
insects, rodents, and carnivores, especially
felids. For example, Metelkin (1935) was among
the first to demonstrate that laboratory-bred and
wild flies (Musca domestica, Calliphora erythroce-
phala, Lucilia caesar, Cynomyia martuorum, Sto-
moxys calcitrans, and Phormia groenlandica)
would feed on rabbit fecal suspensions contain-
ing oocysts and both ingest them and get
oocysts on their body hairs. All fly species
ingested oocysts, which remained unaltered
and viable in their intestinal tracts for up to 24
hr, and in their feces until they dried. He sug-
gested that these flies played an important
epidemiological role in the mechanical trans-
mission of coccidial oocysts to rabbits. Similar
experiments confirmed the early work of Metel-
kin (1935). Wallace et al. (1972) thought that flies
could assist the transmission of Toxoplasma

oocysts, because he passed them through the
digestive tract of laboratory-bred flies and they
were then infective for mice; Smith and Frenkel
(1978) showed that, in the laboratory, cock-
roaches acted as experimental vectors of murine
Sarcocystis sporocysts; and Marcus (1980)
showed that sporocysts from two bovine Sarco-
cystis species were not affected by passage
through the gut of experimentally reared flies
as judged by the ability of their sporocysts to
excyst.

Rabbits should be given dry rather than moist
pellets, washed fresh vegetables, and plenty of
fresh water. Branches and leaves rich in tannin
(willow, hazelnut, oak, ash, fruit trees, etc.) are
excellent in helping to prevent coccidiosis.
Before a rabbit is given a twig to chew, it is
important to check that it’s picked from a tree
that is not toxic to rabbits and the tree must not
have been exposed to chemicals or pollution
from busy roads (van Praag, 2011). When rabbits
are housed together, it is recommended to avoid
putting food on the ground. Carnivores, espe-
cially felids and canids, should be excluded
from rabbitries and from access to, and contact
with, their feed, water, and bedding; uncooked
meat or offal should never be fed to pet cats or
dogs where rabbits are kept. Freezing can drasti-
cally reduce or eliminate infectious sarcocysts in
meat, and heating meat to 55�C or higher for 20
min kills sarcocysts. Dead animals that may have
sarcocysts in their tissues should be buried or
incinerated, rather than left in the field where
carnivores have access to them.

IMMUNOLOGICAL CONTROL

There are no vaccines, yet, to protect rabbits
against coccidia, but experimental work in
many other domesticated animal systems
(cattle, poultry) shows they can be immunized
by low dosages of live and/or attenuated
oocysts and/or sporocysts. In fact, immunity
normally plays a major role in the control of
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coccidiosis in domesticated meat animals, and
a few oocysts may induce strong immunity.
For example, single oocysts of E. maxima given
to chickens on successive days for a period of
1 week produced stronger immunity than
obtained by many times this number of oocysts
given in a single inoculation (Reid, 1975).

Current research on development of an
immune-prophylactic control for Eimeria species
in rabbits is broadly representative of that being
done on other coccidia species, especially in
poultry. Vaccines using virulent strains of Eimeria
species already are in use against poultry coccid-
iosis (e.g., Coccivac, Immucox). Such types are
live, multivalent vaccines; although they provide
effective protection, they run the risk of
provoking symptoms or outbreaks of the disease.
Another more recent vaccine for chickens, Para-
cox, uses a precocious strain; a similar approach
for the development of live-attenuated vaccine
using precocious strains is being followed in
Eimeria species parasitizing commercial rabbits
(Licois et al., 1990; Braun et al., 1992; Akpo
et al., 2012). These strains are strongly immuno-
genic and cause very little pathological changes
because they go through one or two fewermerog-
onous cycles of replication than do the wild-type
strains. Using these does not lead to sterile immu-
nity, but considerably reduces pathological
changes and morbidity (Williams, 1994). For
example, Akpo et al. (2012) used 35-day-old
rabbits that were vaccinated with a mixture of
precocious lines of E. magna and E. media and, 3
wks after challenge inoculation, no case of diar-
rhea was recorded in the two groups of vacci-
nated rabbits vs. the non-vaccinated rabbits that
did develop diarrhea. In addition, during
patency, oocyst output of vaccinated rabbits was
significantly lower than that of control animals,
confirming a good immunogenic stimulation by
the precocious lines. Precocious attenuated
strains of Eimeria may be useful as vaccines for
some years to come, but, in the long run, subunit
vaccines made by recombinant DNA technology
appear most attractive as attempts to develop

recombinant vaccines against poultry coccidia
are continuing. The vaccines are likely to consist
of either purified coccidial antigens obtained
from the large-scale fermentation culture of an
appropriate recombinant micro-organism and
intended for injection, or alternatively as live
micro-organisms that, during the course of repli-
cation, will synthesize and release coccidial anti-
genswithin the host (Ellis and Tomley, 1991; Bhat
et al., 1996). Development of a genetically engi-
neered subunit vaccine using recombinant
protein for immunoprophylaxis of rabbit coccid-
iosis is at a preliminary stage (Braun et al., 1992).

CHEMOTHERAPY/
CHEMOPROPHYLAXIS

History of Drug Development for
Coccidiosis

Levine (1973b) reviewed much of the early
history of anti-coccidial drug development. He
pointed out that the first compound found effec-
tive against coccidia was sulfur, which was
introduced byHerrick andHolmes (1936). Later,
Hardcastle and Foster (1944) introduced borax,
but neither of these proved to be satisfactory
anti-coccidial drugs. Sulfur interferes with
calciummetabolism, causing a condition known
as sulfur rickets in chickens, while borax is only
partially effective and is toxic in therapeutic
doses.

P.P. Levine (1939) introduced the first prac-
tical anti-coccidial drug, a sulfonamide called
fulfanilamide. Since then many different drugs
have been used, particularly against the most
pathogenic chicken coccidians, especially E. ten-
ella. These included both sulfonamides and
derivatives of phenylarsonic acid, diphenylme-
thane, diphenyldisulfide, nitrofuran, triazine,
carbamilide (urea), imidazole, and benzamide
(modified from Levine, 1973b). Because of the
importance of coccidiosis in the commercial
poultry industry worldwide, many thousands
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of papers have been published on coccidiostatic
drugs, and their use in poultry production is so
pervasive today that it is difficult to obtain
a commercial feed which does not contain one
or more coccidiostats. However, they are used
to a considerably smaller degree for other
classes of meat animals (e.g., cattle, rabbits).

No coccidiostatic drugs will cure a case of
coccidiosis once signs of the disease have
appeared because they are all prophylactic.
That is, they must be administered either before,
or at the time of exposure, or soon thereafter, to
be effective against the endogenous develop-
mental stages. Most coccidiostats act to disrupt
the metabolic pathways of the meronts and their
merozoites, and occasionally act against the
sporozoites, and thus, prevent the life cycle
from being completed. They are not, however,
very effective against the gamonts. Hence, since
exposure in nature and in commercial ventures
is continuous, any drugs that are administered
must be given continuously by mixing them
with feed and/or water.

Successful anti-coccidials block metabolic
pathways of the endogenous stages to prevent
their further development. In some cases, the
biochemical pathways and enzyme systems
involved are known and differences between
host cell and parasite requirements are recog-
nized. In other cases, little is known of the
biochemical activity of anti-coccidials that are
discovered by blind screening techniques (Lev-
ine, 1973b). Reid (1975) offered a classification
scheme of 13 different modes of action based
on knowledge of the time or the stage in the
eimerian life cycle when the anti-coccidial was
most active against poultry coccidia (see his
Table 1).

Drugs for Enteric and Hepatic
(Eimeria spp.) Coccidiosis

Early in the development of our knowledge
about drug therapy, some of the sulfonamides
were found to be helpful in preventing

coccidiosis if given continuously in feed or
drinking water. These included sulfadiazine,
sulfamerazine, sulfamethazine, sulfaquinoxa-
line, and succinylsulfathiazole (see Levine,
1973b). Long-term, continuous feeding of drugs
is not particularly desirable, nor is it usually
necessary. If the hosts are exposed to coccidia
during the drug-feeding period, as they usually
are, an aborted infection results and this usually
is sufficient to induce immunity. The drug then
can be safely stopped.

Peeters et al. (1987) said that control of rabbit
coccidiosis was entirely dependent on prophy-
lactic chemotherapy and listed some coccidio-
stats used then to control this disease. They
emphasized, and we now know this to be
dogma, that no coccidiostatic drugs, then or
now, will cure a case of coccidiosis once signs
of disease have appeared; they all are prophy-
lactic and must be administered at the time of
exposure to the parasite or soon thereafter to
be effective. Since exposure in nature is contin-
uous, these drugs must be used regularly in
the non-immune hosts, and this is usually
done by mixing them with feed or water. Due
to the continuous exposure of the host to these
drugs, the appearance of the drug-resistant
strains has been rapid, and this has limited the
useful life of any chemical coccidiostats (Peeters
et al., 1987).

Robenidine hydrochloride, used more-or-
less systematically in many countries, is an effi-
cient anti-coccidial against rabbit coccidiosis
(Coudert and Provôt, 1988). Some ionophore
antibiotics are now widely used as anti-
coccidials in the poultry industry, but most of
them have proved to be toxic for rabbits. Cou-
dert and Provôt (1988) were among the first to
study Lasalocid (an ionophore) in rabbits to
determine its level of toxicity and its efficacy
in the prevention of Eimeria species infections
in the rabbit. They used daily weight gain as
their toxic parameter and reported that Lasalo-
cid had a growth-depressive effect that disap-
peared after 2 weeks at the lowest dose
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administered (25 ppm), but persisted at the
highest dose (125 ppm; Table 10.1). The anti-
coccidial efficacy of Lasalocid was very different
for the two Eimeria species they studied. It was
extremely effective against E. flavescens as soon
as the 25 ppm was administered; on the other
hand, the efficacy against E. intestinalis was
only moderate at 75 ppm and “above this level
the interaction with the depressive effect due
to the product does not allow a clear interpreta-
tion of the results.” At 90 ppm, robenidine
hydrochloride completely controlled the
“disease,” as assessed by weight gain and
mortality, while output of E. intestinalis oocysts
in rabbit feces remained unchanged.

Nied�zwiadek et al. (1990) used two groups of
400 rabbits (200 does, 200 bucks) that all (100%)
were infected with coccidia. The experimental
group was fed pelleted feed with the additive
of 20 ppm salinomycin. They stated that this
drug “proved a very effective preparation and
was helpful in almost completely doing away
with coccidiosis.” In addition to virtually elimi-
nating coccidiosis, the average body weight of
rabbits in the drug-treatment group was 225 g
heavier than non-treated controls. Coudert
(1990) studied the efficacy of diclazuril in wean-
ling SPF rabbits infected with high doses of E.
flavescens and E. intestinalis. A dose of 0.25
ppm in pelleted feed was efficacious in control-
ling E. intestinalis oocyst output, while it took 1.0
ppm to achieve similar results with E. flavescens.
They pointed out that diclazuril was “well-
accepted by rabbits and a growth-depressive
effect could be only observed with more than
30 times the recommended dose.”

Polozowski (1993) gave rabbits each of the
following for 5 weeks: lasalocid (Avatec),
maduramycin (Cygro), robenidine (Cycostat),
salinomycin (Sacox), monensin (Elancoban),
clopidol þ methylbenzoate (Lerbek) and nara-
sin (Monteban). He found that the best results
in controlling coccidiosis were obtained with
salinomycin at dosages of 25, 35, and 50 ppm
and maduramycin at 2 and 3 ppm. Equally

effective were clopidol þ methylbenzoate at
216.7 ppm, lasalocid at 90 and 125 ppm, and
monensin at 20 ppm. Robendine was very effec-
tive against intestinal coccidia at 66 ppm, and it
is well tolerated by rabbits, but its regular
preventive use over the last 20 yrs has raised
resistance in some eimerians (e.g., E. media, E.
magna) toward this compound (van Praag,
2011). Narasin and maduramycin (4.5 ppm)
were toxic to rabbits. In field trials with does
and their progeny, salinomycin (25 ppm),
maduramycin (1.5 ppm), and monensin (20
ppm) were reported to be “highly effective” by
Polozowski (1993).

For hepatic coccidiosis, drug treatment is
difficult and coccidiostats are best administered
to all rabbits suspected of having E. stiedai for
a minimum of 5e6 days and then repeated after
5 days (van Praag, 2011). Peeters and Geeroms
(1986) reported that toltrazuril (Bay Vi 9142)
administered by continuous exposure in
drinking water (Table 10.1) was highly effective
in reducing oocyst output of E. stiedai (and four
intestinal eimerians), and in preventing clinical
signs and macroscopic lesions, while sporula-
tion of excreted oocysts was not affected. They
(1986) also said that toltrazuril administered
during late merogony or gamogony allowed
development of immunity against reinfection
with each homologous species. As noted above,
robendine is well tolerated by rabbits and is
very effective against several intestinal coccidia
(although drug resistance continues to develop
in some eimerians), but was only weakly effec-
tive on E. stiedai infections (Polozowski, 1993).

Unfortunately, recurring drug-resistance of
coccidians requires continuous development of
new anti-coccidial drugs, involving high costs.
Together with increasing concern for the
possible presence of drug residues in products
for human consumption, this has led to an
interest in alternative means of control. There
is an urgent need for development of an imuno-
prophylactic control to replace the chemo-
therapy currently in use (Bhat et al., 1996).
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Drugs for Enteric Cryptosporidiosis

To date, there is no effective treatment for
cryptosporidiosis in humans, bovines, or rabbits
(Quesenberry and Carpenter, 2010), with most
of the work being done in the former two host-
parasite systems for obvious reasons. Patenburg
et al. (2009) focused on what we now know
about anti-parasitic therapy of cryptosporidi-
osis, but of necessity focused on immune-
competent and immune-compromised humans
with the disease. Of course, the role of anti-
parasitic drugs still remains controversial and
no anti-parasitic drug has proven particularly
effective in severely immune-compromised
individuals and, certainly, nothing has been
accomplished in this arena with rabbit Crypto-
sporidium species. Their (2009) attention focused
on recent literature on four major drugs: nita-
zoxanide, paromomycin, azithromycin, rifaxi-
min, and a few combinations thereof. Briefly,
they reported the following: nitazoxanide is
a nitrothiazolyl-salicylamide derivative, origi-
nally developed as a veterinary anthelmintic
and was USFDA-approved for treatment of
cryptosporidiosis and giardiasis in humans
who were not HIV-positive. The drug has
a broad antibiotic spectrum that includes
helminths, parasitic protists, and viruses. Rossi-
gnol et al. (2001) studied immune-competent
adults and children and found that treatment
with nitazoxanide led to a cure (no diarrhea,
no oocysts in stool) in 67% of those infected
and a second trial of infected adults and adoles-
cents had a cure rate of 93%; dosages were 100
mg for children 1e3 yrs old, 200 mg for children
4e11 yrs old, and 500 mg for those > 12 yrs old,
with all doses administered twice daily for 3
days. Paromomycin is an oral nonabsorable
aminoglycoside approved in the 1960s to treat
amebiasis. Hashmey et al. (1997) and Stockdale
et al. (2008) used it to treat cryptosporidiosis in
adults and children with various levels of
success; generally, oocysts were seldom elimi-
nated from stools and relapse of diarrhea

occurred in > 50% of the patients. However,
an earlier study (White et al., 1994), using
25e35 mg/kg/day for 2 wks, found that paro-
momycin significantly decreased oocyst shed-
ding and improved diarrheal symptoms, even
though only one of 10 patients completely
cleared their infections. Another drug that
remains controversial in the treatment of crypto-
sporidiosis is azithromycin, an antibiotic used to
treat respiratory infections and bacterial gastro-
intestinal infections. In a pilot study, Allam and
Shehab (2002) treated Egyptian school children
with 500 mg/day for 3 wks and said they saw
a 91% cure rate and a 99% reduction in oocyst
discharge in stool samples. In contrast, however,
Blanshard et al. (1997) said that the frequency of
resolution of diarrhea in patients treated with
azithromycin was unremarkable, a view later
supported by others (Blagburn and Soave,
1997; Stockdale et al., 2008). After their thorough
review of the most recent literature on treatment
of cryptosporidiosis, Pantenburg et al. (2009)
concluded that the only anti-parasitic drug
proven to be effective against Cryptosporidium
in children is nitazoxanide (100 mg for children
1e3 yrs old, 200 mg for children 4e11 yrs old,
500 mg for those > 12 yrs old) administered 2
times/day with food. More recently, De Waele
et al. (2010) used halofuginone lactate to try to
control cryptosporidiosis in 32 naturally
infected neonatal calves on a dairy farm in
Ireland. Halofuginone lactate was shown to be
effective in reducing clinical signs of cryptospo-
ridiosis and environmental contamination, but
it did not delay the onset of diarrhea and it
did not reduce the risk of infection among calves
reared together in a highly contaminated envi-
ronment. On the other hand, when halofugi-
none lactate was used in calves in combination
with good hygiene, it was effective in reducing
the risk of cryptosporidiosis among 7e13-day-
old calves. They concluded that control of the
parasite could be achieved by the combination
of using effective preventive drugs and good
animal husbandry procedures. Nothing along
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the lines of human and bovine drug trials has
been done with rabbits infected with a Crypto-
sporidium species; perhaps someone will
attempt such experimental work with these
drugs in the future.

Drugs for Sarcocystid Tissue Cyst
Coccidia

All of the attention to chemotherapy in
mammals infected with tissue cysts of Sarcocys-
tis species has focused on domestic meat
animals, especially cattle, sheep, and goats.
Rommel et al. (1981) developed a Sarcocystis
muris model in mice for research on the chemo-
therapy of acute sarcocystosis of domestic
animals. In their mouse model, they defined
four phases of infection: sporozoite migration
(2e10 DPI), merogony (11e17 DPI), merozoite
migration (18e27 DPI), and sarcocyst formation
(28e50 DPI), the timing of which could vary in
different host-parasite systems. They found
that anti-coccidials were most effective against
merogony (Rommel et al., 1981). Of 12 anti-
coccidials tested in their mouse/S. muris model,
many “standard” drugs (e.g., amprolium, mon-
ensin, sulfaquinoxaline, others) had no anti-
sarcocystid activity. Others (e.g., lasalocid, halo-
fuginone) had only marginal anti-S. muris
activity, whereas Zoalene (dinitolmide)�, sulfa-
quinoxaline, and a few others had excellent
anti-S. muris activity. Zoalene is a broad-
spectrum anti-coccidial in chickens, leaves no
residue in tissues, and can be used to prevent
coccidiosis in domestic rabbits. Of particular
interest in the study by Rommel et al. (1981)
was the activity of sulfaquinoxaline plus pyri-
methamine against immature and mature sarco-
cysts, because no other drugs previously were
known to be effective against tissue sarcocysts
(see Dubey et al., 1989). The most important
results with the murine S. muris model were
that outcomes with one Sarcocystis species may
not be directly applicable to another species of
Sarcocystis. However, perhaps the prophylactic

use of standard anti-coccidials in other hosts
(including chickens) may be a practical method
of controlling sarcocystosis in rabbits.

For example, several anti-coccidial drugs
used to treat poultry coccidia are effective
against sarcocystosis in cattle, sheep, and goats
when administered continuously for a month,
starting at or before inoculation with Sarcocystis
(Dubey et al., 1989). Amprolium (100 mg/kg
body weight), a thiamine analog, administered
from 0 to 30 DPI, prevented acute disease or
death in cattle infected with S. cruzi and in sheep
infected with S. tenella, and calves treated with
the same dose 21e35 DPI with 100,000 sporo-
cysts had only mild signs of acute sarcocystosis,
indicating to them that the second-generation
meronts and all subsequent asexual stages
preceding sarcocyst development were affected.
Halofuginone (Stenorol) also reduced or pre-
vented acute sarcocystosis in goats infected
with S. capracanis, and in sheep infected with
S. tenella, when it was administered in feed
from day 5 before inoculation and continued
up to 36 DPI. However, many standard drugs
(e.g., Lasalocid, Monensin, others), each incor-
porated into feed at 33 mg/kg, had minimal or
no effect on the course of acute sarcocystosis in
cattle inoculated with 250,000 S. cruzi sporocysts
when the medicated food was given from day 7
before inoculation through 80 DPI (Dubey et al.,
1989).

Dubey and Beattie (1988) summarized the
literature on treatment regimens used for
therapy of toxoplasmosis. They recommended
two drugs that were the most widely used at
the time, sulfonamides (e.g., sulfadiazine, sulfa-
methazine, sulfamerazine) and pyrimethamine
(Daraprim�) and said that together they acted
synergistically by blocking the metabolic
pathway involving p-aminobenzoic acid and
the folic-folinic acid cycle, respectively. These
drugs were well-tolerated and were effective
against toxoplasmosis, at least in humans; they
were most beneficial in the acute stage of the
disease, when Toxoplasma was undergoing
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extensive asexual multiplication in the tissues
and, although they restrained the growth of
tissue cysts, they did not eradicate the infection.
There are no specific treatments outlined for
rabbits that are serologically positive for, or

having symptoms of, Toxoplasma, but even
more than two decades later, sulfamethoxazole
and pyrimethamine are recommended for treat-
ing rabbits exhibiting toxoplasmosis (Quesen-
berry and Carpenter, 2010).

TABLE 10.1 Some Recommended Therapies/Coccidiostats Found to be Efficacious for the Treatment of Coccidiosis
in Rabbits

Drug trade name (generic

name or chemical group)

Treatment regime/dosage

in feed or water/time References

Amprolium 9.6% in drinking water
(0.5 ml/500 ml)

Quesenberry & Carpenter, 2010

100 mg/kg body wt from 0 to 30 DPI Dubey et al., 1989

Baycox (toltrazuril) 2.5e5 mg/kg, 2 times @ 5 d intervals van Praag, 2011

Baycox (toltrazuril [Bay Vi 9142]) 10e15 ppm, drinking water,
continuously

Peeters & Geeroms, 1986

Bio-Cox (salinomycine) ?? van Praag, 2011

Clinicox (diclazuril) ?? van Praag, 2011

Coban (monensin, ionophore) 50 ppm Coudert & Nouzilly, 1981

Coban (narasin, ionophore) 20, 25, 40, 60 ppm Coudert & Nouzilly, 1981;
Polozowski, 1993

Coyden (clopidon,
meti-chlorpindol, 25%)

200 ppm Coudert & Nouzilly, 1981;
Peeters et al.,1982

Clopidol þ methylobenzoate 216.7 ppm Polozowski, 1993

Decox (decoqinate) 100e160 ppm Coudert, 1972, 1979b, 1981;
Coudert & Nouzilly, 1981

Diclazuril 0.25 ppm in feed Coudert, 1990

Emtryl (dimetridazole) 250 ppm in water Coudert & Nouzilly, 1981

Formosulfathiazole 750 ppm Coudert, 1979b, 1981

Lasalocid (avatec, ionophore) 25e125 ppm Coudert & Provôt, 1988;
Polozowski, 1993

Lerbek (clopidol þ methyl-benzoate 216.7 ppm Polozowski, 1993; Joyner et al., 1983

Lerbek (metichlorpindol, 25%;
methylbenzoate, 1.67%)

200 ppm Coudert, 1979b; Coudert
& Nouzilly, 1981

Maduramycin 2, 3 ppm Polozowski, 1993

Monensin 20 ppm Polozowski, 1993

Pancoxin (amprolium, 25%;
ethopabat, 1.6%)

200 ppm Coudert, 1979b; Coudert
& Nouzilly, 1981

(Continued)
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TABLE 10.1 Some Recommended Therapies/Coccidiostats Found to be Efficacious for the Treatment of Coccidiosis
in Rabbits (cont’d)

Drug trade name (generic

name or chemical group)

Treatment regime/dosage

in feed or water/time References

Pancoxin (amprolium 20%;
ethopabat, 1%; sulfa-quinoxaline,
12%; pyri-methamine, 1%)

200 ppm Coudert & Nouzilly, 1981

Ponazuril 20 mg/kg 1�/d Quesenberry & Carpenter, 2010

Robenidine 16.4e33e50 ppm

66 ppm

Coudert, 1979a;
Licois & Coudert, 1980,
Polozowski, 1993 (nine intestinal
eimerians)

100 ppm Coudert, 1979b, 1981

Ridzol (ronidazol) 30 ppm Coudert & Nouzilly, 1981

Sacox (salinomycin, ionophore) 25e35e50 ppm Coudert & Nouzilly, 1981;
Polozowski, 1993

1e2 mg/kg body wt Dubey et al., 1989

Sodium sulfaquinoxaline 3.5 g/3.785 l, 3 wk Levine, 1973b (p. 236)

1 g/l water van Praag, 2011

Statyl (methylbenzoate, 20%) 20 ppm Coudert & Nouzilly, 1981

Stenorol (halofuginone) 1e3 ppm Coudert & Nouzilly, 1981

0.22 mg/kg body wt Dubey et al., 1989

Sulfamethazine 128 mg/kg for 1e3 d Golo�sin & Te�si�c, 1963;
Golo�sin et al., 1963

Sulfadimethoxine 0.5e0.7 g/l water van Praag, 2011

75 mg/kg/d for 7d Quesenberry & Carpenter, 2010

15 mg/kg per os every 12 hr for 10d

Sulfaquinoxaline 1 g/l drinking water van Praag, 2011

Sulfadimethoxine-diaveridine (3:1) 3:1/100 g feed, 3 d
100 ml/l water, 8 d

Dürr & Lammler, 1970

Sulfadimerazine 2 g/l water van Praag, 2011

0.02% in water, 7 d Quesenberry & Carpenter, 2010

Toltrazuril (Bay Vi 9142) 7e10 mg/kg 1�/d for 7 d Quesenberry & Carpenter, 2010

10e15 ppm in water for 5 wk Peeters & Geeroms, 1986

2.5e5.0 mg/kg, 2�, repeat after 5 d van Praag, 2011

Trimethoprim-sulfamethoxazole 30 mg/kg each 12 hr for 10 d Quesenberry & Carpenter, 2010

Whitsyn 10 (Sulfa-quinoxaline,
8.33%; pyrimethamine, 0.85%)

80e100 ppm Coudert & Nouzilly, 1981

Zoalene� (coccidine A, zoamix) 125 or 250 ppm Rommel et al., 1981
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INTRODUCTION

Our knowledge of lagomorph coccidia is
perhaps the best of any mammalian order, but
it is nevertheless very poor; a great deal remains
to be learned. At this point in time, we know
there are at least 87 Apicomplexa species that
we believe to be valid identifications, from the
five extant lagomorph genera (of 13) (38%) that
have been examined for them: three Besnoitia
species (in Oryctolagus, all experimental), three
Cryptosporidium species (from Oryctolagus), 73

Eimeria species (Brachylagus [1], Lepus [30],Ocho-
tona [15], Oryctolagus [15], Sylvilagus [12]), two
Isospora species (from Ochotona), five Sarcocystis
species (Ochotona [2], Lepus [1], Oryctolagus [1],
Sylvilagus [1]), and Toxoplasma gondii (in Lepus,
Oryctolagus, Sylvilagus) (Table 11.1). Each of
these host-parasite associations is unique in
many ways. Surveys have shown that virtually
all vertebrate species, and a high percentage of
lagomorph species, are infected with one or
more coccidia when examined; the prevalence
of infection has been reported as low as 4%
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(Soveri and Valtonen, 1983) but, more often,
near or at 100% (Duszynski and Marquardt,
1969). This generalization refers only to intes-
tinal eimeriid coccidians (Eimeria, Isospora), not
the other four genera documented here. Infected
animals almost always are infected with as few
as two to as many as nine intestinal species. A
number of species, E. intestinalis, E. piriformis,
E. coecicola (intestinal forms), E. stiedae (liver,
bile duct), and a few others, are known to be
highly pathogenic (Cheissin, 1947a, b, 1948; Pel-
lérdy and Dürr, 1970; Coudert et al., 1993), but
these are found primarily in Old World and
domesticated rabbits (O. cuniculus). The three
lagomorph genera from which > 80% of all
known coccidia species are described are Lepus,
Oryctolagus, and Sylvilagus. However, Andrews
et al. (1980) noted that the lack of salient coccid-
iosis lesions, in conjunction with an absence of
any cases of clinical coccidiosis in numerous
surveys of wild rabbits, suggests that the patho-
genicity of coccidian parasites in wild rabbit
populations may be “overestimated.” Although
some of the Eimeria that infect these genera have
been shown by cross-infection studies to be
species specific (e.g., E. sculpta, see Carvalho,
1943), other species (e.g., E. neoleporis; see
Carvalho, 1942, 1944; E. stiedai; see Table 11.2)
can be transmitted between genera.

A lot of interesting work has been done with
rabbit coccidia,which has biological implications
beyond the individual organisms used. Licois
et al. (1990) were able to develop a precocious
lineofE. intestinalisbyselection forearlydevelop-
mental oocysts after six consecutive passages in
domestic rabbits, O. cuniculus; Pakandl et al.
(1996b) also developed a precocious strain of
E. media. Such studies may lead to the develop-
ment of immunity via attenuated pathogenicity
in highly pathogenic strains (see Chapter 9, and
Jeffers, 1975; McDonald et al., 1986). Aly (1993)
was able to infect dexamethaxone-treated mice
with E. stiedai and achieved a patent infection in
20/25 (80%) mice; the prepatent period was
from 30 to 35 days and patency lasted at least 60

DPI.Andperhapshost transferoccursmore often
than we know under natural conditions, where
many random cross-transmission events must
occur daily among syntopic hosts, especially
those that have similar nutritional requirements
and can provide coccidia with intestinal milieus
similar to one another.

Finally, molecular tools have started to be
used to diagnose coccidia species in veterinary
parasitology (see Combes et al., 1996 for
review). Among the first to demonstrate this
use with mammalian coccidia were Cere et al.
(1995), who studied inter- and intraspecific vari-
ation of Eimeria spp. in rabbits using random
amplified polymorphic DNA (RAPD) assays.
Although profiles differed significantly between
nine eimerian species, species-specific finger-
prints were obtained that might prove useful
in species diagnosis.

OOCYST SIZE, STRUCTURES
AND THEIR STABILITY

Cheissin (1947a, b) said that oocysts he recov-
ered early during experimental infections often
were smaller and paler than those discharged
later during patency. This is now known to be
a rather common phenomenon, as many others
have documented that oocyst size sometimes
changes considerably within a single species.
This has been noted for species of rabbit
coccidia, as well as those known from chickens,
sheep, and rodents (Boughton, 1930; Fish, 1931a,
b; Jones, 1932; Cheissin, 1940, 1947b, 1948, 1957a;
Becker et al., 1955, 1956; Kogan, 1962, 1965; Dus-
zynski, 1971, Joyner, 1982; Parker and Duszyn-
ski, 1986; Gardner and Duszynski, 1990; Upton
et al., 1992; Seville and Stanton, 1993; others).
Differences in the sizes of oocysts discharged
during patency have even been observed from
infections of the host by a single oocyst, to
help alleviate the suspicion that several species
of parasites might have been present in the orig-
inal inoculum. Cheissin (1967) suggested that
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this variability in oocyst size depended on
a series of factors, including the development
of macrogametes. He and others observed that
the average length and width of oocysts of E.
magna and E. intestinalis from rabbits decreased
when the inoculation dosage was increased
(Jones, 1932; Cheissin, 1947b, 1957a). The sug-
gestion is that during large infecting doses,
several macrogametes are forced to develop in
each host cell, with the ultimate size each can
attain being severely limited by the size of the
host cell. As a result, each gamete accumulates
a smaller amount of nutritive material before
reaching its full size and becomes fertilized,
after which they yield undersized oocysts. This
phenomenon has not been observed in other
species. Another explanation for smaller oocysts
appearing at the end of patency, vs. those seen
when patency begins, is that there may be
a certain retardation of macrogamete growth
when the rabbit is developing a protective reac-
tion to the early endogenous stages of that
species (Cheissin, 1967). Kogan (1962, 1965)
said that the host’s diet may influence the sizes
of the oocysts of E. necatris in chickens.

Both the oocyst (OR) and sporocyst (SR)
residua are qualitative (presence/absence)
structures in the oocysts of many species of
coccidia and vary in shape, size, and composi-
tion (a few scattered granules to large homoge-
neous globules) from species to species. Thus,
like oocyst and sporocyst size, they are impor-
tant determinants of species identification. Pér-
ard (1924a, b) first suggested that the SR was
nutritive material used for maintenance of SZ
viability, because he saw it decrease gradually
in size in the external environment. Cheissin
(1958a, b, 1959, 1967) studied both the fate and
chemical composition of the OR and SR over
time when he examined the sporulated oocysts
of E. intestinalis, E. irresidua, E. magna, and E. stie-
dae from rabbits (Oryctolagus sp.), those of
Isospora laidlawi from ferrets (Mustela sp.), I. ras-
tegaievi from the hedgehog (Erinaceus sp.),
and I. felis and I. vulpis from foxes (Vulpes sp.).

Sporulated oocysts were kept in 2% (w/v)
aqueous potassium dichromate (K2Cr2O7) solu-
tion at 18e25�C. He (1959, 1967) said the SR of
E. intestinalis and E. magna sporocysts changed
“considerably” after 20 mo, being reduced in
size by about 75%; after 3e4 mo the SR “lost
the ability to take an iodine stain, indicating the
disappearance of glycogen,” while the fat drop-
lets were larger and became more scattered. He
also demonstrated that 16e18-mo-old oocysts
had SRs that “practically disappeared, and lost
their infectivity,” as determined by experimental
inoculation. In E. stiedai, the SR decreased by >
50%, from 9 to 4 mm wide after 19 mo, while in
E. irresidua the SR decreased from 12 to 5e7 mm
within 20 mo, and it could no longer be stained
with iodine, demonstrating that the glycogen
part of the SR is used before the stored lipid(s).
These changes in the SR, under both aerobic
and anaerobic conditions, suggested to Cheissin
(1959, 1967) that the SR contains food substances
used by the SZs while their oocysts are in the
external environment.

Duszynski and Marquardt (1969) used the
presence or absence of both the OR and SR as
a main criterion to distinguish between four
morphologically similar oocysts (E. environ, E.
honessi, E. neoirresidua, E. poudrei), which they
termed their “environ group,” from cottontails
(S. audubonii) collected in Colorado, USA. It
was important to their analysis to verify (or
not) that both the OR and SR remained
unchanged over a reasonable period of time.
Their initial observation was that 9-mo-old spor-
ulated oocysts showed no structural changes in
oocyst size or in the presence/absence or size of
their OR and SR when compared to 1-mo-old
sporulated oocysts. To reinforce their observa-
tion, fresh oocysts of these four eimerians that
sporulated after 5 days at 20�Cwere then placed
into incubators for 12 days at 37�C to “age”
them. Five hundred sporulated oocysts and
their OR and SR from each species were
measured immediately after sporulation and
after 12 days at 37�C; they found no significant
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changes could be detected between the oocysts,
sporocysts, or their respective residua. On the
one hand, their observations support those of
Cheissin (1967), who said the OR in the oocysts
of E. magna and E. intestinalis persisted for
20e21 mo in oocysts found in the external envi-
ronment without changing significantly. Thus, it
may not be used as an energy source for main-
taining the viability of the living SZ within the
sporocysts. On the other hand, Cheissin’s
reports (1959, 1967) of the disappearance of the
SR over time in the external environment are
in contrast to those of Duszynski andMarquardt
(1969), who saw no significant changes in the SR
of four cottontail eimerians that had been
“aged” for 12 days at 37�C.

Hsu (1970) studied the process of sporulation
of E. sylvilagi oocysts, which he subjected to
different temperatures, and noted that as he
increased the temperature from 8�C to 32�C,
oocysts sporulated more rapidly; at 8�C it took
several months before he could find a few spor-
ulated oocysts, at 20�C they sporulated in 72 hr,
at 32�C oocysts sporulated within 24 hr, at
35e37�C sporulation was “abnormal and some-
what suppressed,” while at 39� C no oocysts
sporulated. Hsu (1970) looked carefully at the
sporulation process of oocysts he maintained
at 25�C for 60 hr and concluded that with the
formation of SZs, sporulation was completed.
At this stage, he noted a small round OR, which
he said “disintegrated into a few granules or
disappeared . after several days at 25�C.”

Kvi�cerová et al. (2007) worked with E. cahiri-
nensis in spiny mice (Acomys spp.), and said its
oocysts formed two distinct OR during sporula-
tion, a globule consisting of many small gran-
ules and one with only several smooth
vacuoles; they reported that the first OR type
was typical of oocysts � 15 days old, whereas
only vacuoles occurred in older oocysts. Kvi-
�cerova (pers. com., unpublished) also said that
sporulated oocysts of E. citelli, from Spermophi-
lus citellus, and a new eimerian from Habromys
lophurus, both possessed a distinct OR when

young, but that these disappeared entirely
when the oocysts aged. Finally, more recently,
Williams et al. (2010) examined long-term
storage of five chicken eimerians which had
SRs. Oocysts were stored 23 yrs in 2.5% (w/v)
aqueous potassium dichromate solution in the
dark at 4 � 2�C; their detailed microscopic
examinations showed that the internal struc-
tures of the oocysts and sporocysts remained
intact. Photomicrographs of 24-yr-old oocysts
of these five species still had some visible SR
granules (Williams et al., 2010).

One of the many questions still unresolved in
coccidian biology is why the oocysts of some
species have ORs and/or SRs, while others do
not. It is interesting to note that all eimerian
species of chickens, cattle, and sheep lack an OR.

LOCALIZATION IN THE RABBIT
HOST: TISSUE, CELLS, AND
PARASITE DEVELOPMENT

Among the intestinal coccidia of rabbits,
several species have development which occurs
in one part of the intestine in one stage and in
a different area of the intestine during the next
stage (e.g., E. coecicola, E. intestinalis). Usually
coccidia are located in a single organ, and the
greatest concentration of the endogenous stages
is found in a single part of that organ. For
example, E. media, E. irresidua, and E. perforans
each develop only in certain parts of the small
intestine, but E. piriformis can be found in various
parts of the entire large intestine. In general,
however, each species has a characteristic and
limited part of a given organ where the greatest
number of endogenous stages develop. In rabbit
coccidia, as is seen in other species in domestic
animals (e.g., chickens), one sees that the more
intense the infection, the wider the area in which
the endogenous stages of the species is likely to
settle (Cheissin, 1967).

Cheissin (1967) found that the localization of
endogenous stages of at least E. magna, E. media,
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and E. irresidua do not change when the pH and
other factors of the intestinal lumen are altered
by various diets. Coccidia are usually found in
epithelial cells, and many species complete their
entire life cycles in the epithelium. However, in
some cases when asexual generations and gam-
onts develop in the epithelium, the oocysts
submerge in the underlying connective tissue
where development is completed (e.g., E. coeci-
cola in the appendix of rabbits; see Cheissin,
1967). And in other species (e.g., E. media, E. irre-
sidua) only merogony occurs in the epithelium,
while gamogony, fertilization, and oocyst
formation take place in the subepithelium.

In some cases where two species are in the
same place in the host gut, Cheissin (1967)
reported that an antagonism in their develop-
ment occurs. For example, he found that when
a rabbit was simultaneously inoculated with
oocysts of E. coecicola and E. intestinalis, which
have overlapping locations in the small intes-
tine, the development of both species was sup-
pressed. The prepatent period was retarded
for 1 or 2 days, and the productivity of the para-
site was considerably lower than that occurring
in separate development; however, it is possible
that this was associated with the more intense
asexual reproduction of E. intestinalis. The mer-
onts of this species hinder, to some degree, the
development of the meronts of E. coecicola
(also see Duszynski, 1972, on concurrent infec-
tions with two Eimeria species it Rattus).

Clearly, all intracellular parasites have an
intimate relationship with their host cells and
derive all of their nutrients therefrom; the
coccidia, in particular, are no exception to this
rule, and it is during endogenous development
that they must accumulate whatever reserve
materials they may need to survive once the
oocyst leaves the protective confines of the
host epithelium to venture to the external envi-
ronment. Unfortunately, this complex aspect of
the host-parasite relationship has not been
studied very much. Beyer and Ovchinnikova
(1964) looked at the quantitative measurements

of the cytoplasmic RNA during macrogameto-
genesis of E. intestinalis and E. magna in rabbits
and found a steady rise of RNA in the macroga-
mete until the formation of the zygote. Once
fertilization occurred, the character of parasite
metabolism changed from anaerobic to aerobic
(Beyer, 1962, 1963). Later, Beyer and Ovchinni-
kova (1966) measured cytoplasmic RNA in
zygotes (oocysts) of E. intestinalis and deter-
mined that the quantity of cytoplasmic RNA in
them was less than in mature macrogametes.
They also said that cytoplasmic volume of
both mature macrogametes and new zygotes
(still inside the host cell) was the same, that
the cytoplasmic volume of recently discharged
oocysts was significantly greater than that of
the younger, intracellular stage, but that oocysts
both inside and outside host cells have similar
amounts of RNA. They concluded that a certain
portion of the RNA is “spent” during wall
formation, after which time the oocyst breached
its active relationship with the host cell.

The phenomenon of two types of meronts in
the asexual development of rabbit coccidia in
intestinal epithelial cells has been noted in nearly
all domestic rabbit (O. cuniculus) coccidia,
including E. stiedai (Péllerdy and Dürr, 1970), E.
perforans (Streun et al., 1979; Licois et al.,
1992b), E. intestinalis (Pellérdy, 1953; Licois
et al., 1992c), E. coecicola (Pakandl et al., 1996a),
E. magna (Ryley and Robinson, 1976; Pakandl
et al., 1996c), E. media (Rutherford, 1943; Pellérdy
and Babos, 1953; Licois et al., 1992a; Pakandl
et al., 1996b), E. flavescens (Norton et al., 1979;
Pakandl et al., 2003), and E. piriforis (Pakandl
and Jelı́nková, 2006). See Chapter 6 for specific
details.

PREPATENT PERIOD

Small fluctuations in the timing of the prepa-
tent period depend on several causes. Cheissin
(1947a, 1967) noted that the prepatent period
of E. magna and E. intestinalis in rabbits was
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decreased by several hours by the use of a heavy
infecting dose of oocysts as compared with
a small dose. When a rabbit was inoculated
with one oocyst of E. magna, the prepatent
period was 9 days, but a large dose reduced it
to 7e8 days; he observed the same shortening
of prepatency with E. irresidua. In E. intestinalis,
this difference did not involve more than 24e48
hr, and in E. media and E. perforans it was no
more than 8 hr. In other eimerians from
domestic rabbits, the prepatent period seems
to be quite precise for each species. It is 16e18
days for E. stiedai, 5e6 days for E. perforans
and E. media, 7 days for E. magna, and 9e11
days for all remaining intestinal species.

The length of the intestine, and the place
where endogenous development occurs, both
influence, to some degree, the time when
oocysts appear in the feces. Oocysts usually
appeared in the intestinal lumen a few hours
earlier than they are found in the feces, because
they have to pass the remaining length of the
intestine, and some are retained for a period of
time in the cecum (Cheissin, 1967). For example,
the first oocysts of E. media appeared in the
duodenum 115e118 hr PI, but they did not
appear in the feces until 120e124 hr PI. The
oocysts of E. irresidua, from the middle region
of the small intestine, appeared in the feces after
a lag of 2e8 hr, while the oocysts of E. magna,
which develop in the lower half of the small
intestine at 175e180 hr PI, did not appear in
the feces until 182e185 hr PI. Because they
form in the depths of the crypts of the large
intestine and cannot be immediately eliminated
from the crypts, oocysts of E. piriformis also lag
by 3e4 hr before they are found in the feces
(Cheissin, 1967).

The length of the prepatent period may
change within small limits depending on the
age of the host. In year-old rabbits, the prepatent
period of E. irresidua and E. media was 24e48 hr
longer than in younger animals. Cheissin (1967)
explained the increased prepatent period in
adult rabbits by “the development of immunity

which results in a suppression of certain func-
tions of the parasite.” In some cases, the longer
prepatent period is associated with a greater
number of asexual generations preceding gam-
ogony. For example, the prepatent period of E.
magna is longer than that of E. irresidua. In the
former, the third-generation merozoites begin
gametogenesis in 142 hr, but in the latter species
it is the second-generation which yields gam-
onts after 96e120 hr. The first oocysts of E.
magna appear at about 180 hr PI, while those
of E. irresidua appear at 150 hr PI (Cheissin,
1967).

The prepatent period also depends on the
length of both asexual and sexual development,
with the former usually taking much more time,
while the latter is usually completed in 24e48
hr. In rabbits, for example, merogony takes 96
hr for E. media, 136e140 hr for E. magna, and
7e8 days for E. intestinalis, while gamete devel-
opment is 48 hr for E. coecicola, 30 hr for E. irre-
sidua, 32e38 hr for E. intestinalis and E. magna,
and 20e22 hr for E. media (Cheissin, 1967).

PATENCY

The length of the patent period also fluctuates
from several to 30 days, or more, in rabbits. The
shortest patent period is in E. perforans, 6e7
days, while it is 5e10 days in E. intestinalis,
6e10 days in E. media, 7e9 days in E. coecicola,
11e12 days in E. piriformis, up to 16 days in E.
irresidua, and 15e19 days in E. magna. Thus, in
the intestinal eimerians, the patent phase lasts
from 5e35 days, whereas in E. stiedai it is
21e30 days and mortality generally occurs
during this period.

SPORULATION

Once outside the host, the oocyst must spor-
ulate before it is infective to another suitable
host, and it is important to remember that no
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entrance of nutritional materials from the envi-
ronment can occur through the virtually im-
pervious oocyst wall. Thus, the process of
sporulation can only occur by using energy
from the reserve materials within itdmaterials
(glycogen, lipids, proteins) sequestered from
the host cell during the parasite’s endogenous
development. The presence of oxygen, mois-
ture, shade (direct exposure to ultraviolet radia-
tiondsunlightdwill kill oocysts quickly) and,
generally, a temperature less than the body
temperature of the host, all are necessary for
oocyst survival. In controlled conditions, an
incubation temperature of 28e30�C has been
found to be optimum for sporulation. Sporula-
tion of oocysts will not, and cannot, occur in
an environment lacking oxygen, and any factor
that removes oxygen from the immediate
vicinity of the oocysts will impede sporogony.
Thus, it is important to eliminate bacteria, and
the putrefaction they produce, from the oocyst’s
environment because of their negative effect on
sporulation. Through trial and error over time it
has been learned that the best medium for
culturing and sporulating oocysts is a 2e3%
(w/v) aqueous solution of potassium dichro-
mate (K2Cr2O7). In this solution, oocysts have
complete access to oxygen and bacteria do not
develop. Other solutions that suppress putrefac-
tion have been used for culturing coccidial
oocysts (e.g., 2% [v/v] sulfuric acid, H2SO4),
but they do not seem to work as well. If these
conditions are met, the sporulation process
will continue. Once completed, the fully formed
oocyst and its sporocysts are resistant to envi-
ronmental extremes and the sporozoites therein
are infective to the next suitable hosts that may
ingest them. However, Cheissin (1967) cau-
tioned that after the sporozoites are formed,
another few days are required for the oocysts
to become infective. For example, oocysts of E.
intestinalis and E. magna, which completed spor-
ulation in 72 hr, did not cause an infection in
rabbits, but after 120 hr the same oocysts were
infective (Cheissin, 1947a, 1948). Edgar (1954,

1955) had similar results with E. maxima (in
chickens); he said that oocysts with formed
sporozoites were not infective immediately, but
that they required another few hours to become
infective.

Among oocysts of the same species, the small
ones seem to sporulate before the large ones. For
example, large E. magna oocysts, 35 � 22,
completed sporulation at 22�C in 65e72 hr, but
smaller oocysts, 25e28 � 16e18, sporulated in
48e52 hr (Cheissin, 1967). This led Cheissin
(1967) to conclude that oocysts of various sizes
in one portion of feces do not all sporulate at
the same time, that sporulation begins sooner
in small oocysts, and that large ones of the
same species may lag as much as a day behind.
In rabbit feces collected at one time, Cheissin
(1967) noted the sporulation of small oocysts
of E. media and E. intestinalis within 18 hr, the
oocysts of E. magna and the small oocysts of E.
irresidua within 24 hr, and the large oocysts of
E. irresidua and E. intestinalis at the end of 48 hr.

DETECTION AND
IDENTIFICATION:
MORPHOLOGICAL,

IMMUNOLOGICAL, MOLECULAR

Morphological Diagnosis

The end product of endogenous intracellular
development within an infected host is a resis-
tant propagule, the oocyst, which leaves the
host, usually in the feces. This is the structure
most readily available to the practitioner (veter-
inarian, wildlife biologist, pet owner) who
wants to identify the species, in most cases
without killing the host. Thus, the vast majority
(> 98%) of coccidian species are defined only
from this life-cycle stage, the sporulated oocyst,
with little or no knowledge of the temporal (e.g.,
pre- and patent periods), or spatial (location in
the host body) biology, or the number and struc-
ture of the endogenous (asexual, sexual) stages.
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In most cases, the unique combination of host
species, and of the size and specialized struc-
tures of the sporulated oocyst, is sufficient to
separate it from all others that are known from
that host group. However, sporulated oocysts
have only a limited number of structural charac-
ters (< 20) and the fewer characters available,
the more bothersome the (morphological)
species problem becomes. In some cases,
oocysts from unrelated host species look very
nearly identical and cannot be reliably differen-
tiated by morphology and size alone (Joyner,
1982). Other times, individual coccidia species
may produce oocysts that vary substantively
in size and/or appearance during patency
(Parker and Duszynski, 1986; Gardner and Dus-
zynski, 1990); thus, we are sometimes haunted
by the question, “What is this species with
which I am dealing?”

Before oocysts can be identified to genus or
species, they first must be found in contami-
nated feces. Larger oocysts (most Eimeria,
Isospora species) are easier to detect in contam-
inated feces than are very small oocysts or
sporocysts (e.g., Besnoitia, Cryptosporidium,
Toxoplasma, Sarcocystis). In previous contribu-
tions, Duszynski and Wilber (1997) and Dus-
zynski and Upton (2009, Chapter 2) outlined
techniques necessary to collect and preserve
feces, store samples with coccidian oocysts,
and identify and measure the key structural
features to be able to make reasonably accurate
identifications, so these need not be repeated
here. However, very small oocysts (e.g., Crypto-
sporidium, Toxoplasma species) and isolated
sporocysts (Sarcocystis species) need more
labor-intensive, microscopical methods that
may include both concentration and staining
of fecal smears before they can be seen. Differ-
ential staining methods include safranin-
methylene blue stain (Baxby et al., 1984),
Kinyoun (Ma and Soave, 1983), Ziehl-Neelsen
(Henricksen and Pohlenz, 1981), and DMSO-
carbol fuchsin (Pohjola et al., 1984), which all
stain the oocysts red and counterstain the

background. These methods, however, vary in
sensitivity and specificity and can be time-
consuming (Fayer et al., 2000). Fluorochrome
stains (Campbell et al., 1992; Fayer et al., 2000)
are more sensitive, but non-oocyst-like structures
in the fecal debris often also take up the stain.

Immunological Diagnosis

Various immunological-based (IB) tech-
niques are available for detection of very small
oocysts, but most of these have been developed
to detect oocysts of Cryptosporidium, most often
in human stools. Some of the IB techniques
include polyclonal fluorescent antibody tests,
direct immunofluorescent antibody tests
(IFAT), latex aggultination reactions, immno-
fluorescence (IF) with monoclonal antibodies,
enzyme-linked immunosorbent assays (ELISA),
reverse passive hemagglutination (RPH) immu-
noserology using IF detection and ELISA,
and solid-phase qualitative immunochromato-
graphic assays (see Fayer et al., 2000, p. 1313,
for summary and literature citations).

Molecular Diagnosis using DNA

Finally, the development and continued
refinement of molecular techniques, especially
polymerase chain reaction (PCR), now offer
reasonably quick, highly sensitive, accurate,
and inexpensive alternatives to conventional
diagnosis of the coccidia of humans and domes-
ticated and wild animals. This molecular tool
provides information on genetic variability of
various isolates of presumed “species” and can
demonstrate that what was once thought to be
a single species is not genetically uniform, but
consists of several distinct genotypes or cryptic
species. Most genetic studies use parasite-
specific PCR primers to overcome the problem
of oocysts recovered from environmental/fecal
specimens that contain many contaminants.
Applications via PCR include isolating DNA
fragments from genomic DNA by selective
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amplification of a specific region of the target
DNA to produce a single or a few copies of
a piece of DNA and generate multiple copies
of a particular DNA sequence. Sequence anal-
ysis examines all bases at a particular locus
and has become the “gold standard” of geno-
typing studies (Fayer et al., 2000). Comparisons
between various genotype sequences from
oocysts of rabbit origins include sequences of
the small subunit ribosomal (SSU rRNA),
70-kDa heat shock protein (hsp70), actin, Crypto-
sporidium oocyst wall protein (COWP), genomic
sequence of unknown coding function (Lib13),
and 60-kDa glycoprotein (gp60) loci that group
into two subtype families Va and Vb.

PCR amplifies regions of DNA that it targets
and can be used to analyze extremely small
amounts of a sample, including a few or even
a single oocyst. Once DNA pieces have been
cloned and sequenced, DNA phylogenies can
be constructed if similar gene regions are known
from other related species. Since the base
sequences of only a few loci have been exam-
ined and detailed for only a small number of
mammalian (and other) coccidia, further
research on the molecular characterization and
speciation of these organisms is desperately
needed (Fayer et al., 2000).

The random amplified polymorphic DNA
(RAPDs) technique was developed in the 1990s
(Welsh and McClelland, 1990; Williams et al.,
1990), and such specific fingerprints have been
used todifferentiate species or strains of parasitic
protists, including Plasmodium and Leishmania
(Tibayrenc et al., 1993), trypanosomes (Steindel
et al., 1993; Waitumbi and Murphy, 1993), and
rodent eimerians (Hnida and Duszynski, 1999a,
b). This technique enables the examination of
a large number of independent loci randomly
distributed throughout the genome.

Cere et al. (1995) did a comparative analysis
of RAPDs and generated fingerprints using 11
arbitrary primers on nine rabbit Eimeria species:
E. coecicola, E. exigua, E. flavescens, E. intestinalis,
E. magna, E. media, E. perforans, E. piriformis,

E. vejdovskyi, two strains of E. intestinalis, and
four strains of E. media from different geo-
graphic regions. The profiles obtained differed
considerably according to the species; these
species-specific fingerprints showed that
RAPD assays might be useful for diagnostic
purposes. These same species also can be distin-
guished on the basis of other criteria, including
the location in the intestine and their macro-
scopic lesions, the endogenous stages of their
life cycles, their prepatent periods, their patho-
genicity, and on the morphology of their
oocysts, with the latter being more routinely
used. However, none of these criteria alone is
perfect for identification of species and the
considerable variation of oocyst dimensions in
some species makes only the observation of
oocysts of poor value for specific diagnosis of
some species. Moreover, although some Eimeria
species exhibit host specificity, several different
eimerians also may infect the same host and,
sometimes, the same intestinal segment. In their
study, Cere et al. (1995) developed a new
approach for the construction of a coccidia diag-
nostic tool.

This tool is based on the Digoxigenin (DIG,
Boehringer)-radiolabeled isolation (DIG-labeling)
of a species-specific probe after a RAPD and
determination of two primers in this probe for
a PCR, which is more specific than RAPD
(Cere et al., 1996). A specific fragment of 800
bp was isolated after RAPD and then cloned
and DIG, Boehringer-radiolabeled. Sequencing
the 30 and 50 ends of this probe enabled the
determination of the two primers that could be
used in a PCR reaction. The amplified product
of 750 bp was specific for E. media and seems
to be conserved in E. media, because it was
amplified in multiple strains tested from
different countries (France, Balearic Isles,
Poland, Guadalupe in the French West Indies).
Their technique allowed the detection of as
few as 10 oocysts, and the efficiency of the
amplification was not changed when two
species were mixed. The threshold of detection
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of oocysts in fecal matter was as few as 30
oocysts.

Thus, the RAPD very quickly provides a great
number of species markers, as they showed
(Cere et al., 1995, 1996). Their work showed
a high degree of interspecific variability in Eime-
ria from the rabbit (which is why RAPDs work
in these instances) and a low extent of intraspe-
cific variability that was characterized by the
presence of several common bands in all the
strains and lines of E. media. In addition, because
of its rapidity, requirement of only minute quan-
tities of DNA, and no requirement of sequence
information on the genome to be fingerprinted,
the RAPD technique can prove helpful in
searching for genetic markers involved in
various biological characteristics of the coccidia
such as drug resistance, virulence, or the trait of
precociousness (for precocious lines).

Rabbit (and most other) coccidians usually
are identified based on observation of the
morphology of sporulated oocysts, but several
eimerians from domestic rabbits, O. cuniculus,
cannot be easily identified by non-specialists
based only on this morphology. For example, it
is possible to distinguish neither E. perforans
from E. media nor E. flavescens from E. irresidua
only by oocyst form and measurements. The
differentiation of these species can be difficult
and time-consuming because the life cycle (site
of development in the intestine, prepatent
period, etc.) or other criteria (clinical signs,
etc.) must be studied. Thus, newer methods,
like RAPDs, are needed for direct, rapid, and
efficient identification of these (and other) intes-
tinal coccidians as demonstrated on Eimeria spp.
of the domestic fowl, rat, mice, cattle, sheep, and
rabbit (Mac Pherson and Gajadhar, 1993; Procu-
nier et al., 1993; Cere et al., 1995; Hnida and Dus-
zynski, 1999a, b). However, this method cannot
be used when the different species are mixed or
in very small quantities in feces. In this case,
amplification of specific DNA sequences by
PCR and hybridization of these fragments
with oligonucleotide probes provide a highly

sensitive and specific tool for the detection of
coccidia directly from feces.

Finally, we must be cautious in our reliance
on DNA. Recently, there seems an attitude
among some of our molecular colleagues
(anon., pers. comm.) that the organism itself is
no longer important and that all we need is
some of its DNA to figure out what it is. We
hope that this viewpoint is not universal
among reductionists. Here we offer the caution
expressed by Chargaff (1997) that the phenom-
enon of life, or any living entity, is much more
than just molecules obeying the laws of physics
and chemistry.

OOCYST SURVIVAL

The oocyst wall, composed of two or more
layers in most coccidian species, is the parasite’s
first line of defense in surviving the external
environment. Monné and Hönig (1954),
working with rabbit (E. stiedai), chicken, and
cat coccidian oocysts, investigated the optical
and chemical properties of the wall. They
concluded that the most exterior layer of the
wall was quinone-tanned protein, while the
inner layer(s) consisted of a lipid coat firmly
associated with a protein lamella. The outer
part of the inner layer had a minor amount of
lipid, while the innermost part of the inner layer
had a major amount of lipid in its protein
lamella. These chemical constituents of the
oocyst wall certainly play an important role in
its highly resistant nature of protecting the
developing sporoplasm within.

Our understanding of the survival of oocysts
in the external environment, and the mecha-
nisms by which they reach an appropriate defin-
itive host, is minimal and requires additional
study. We know that the availability of oxygen
is critical to sporulation and that moisture,
temperature, and direct exposure to sunlight
all influence the ability of oocysts to sporulate
in the external environment (or not). The
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interactions of these and other factors (e.g.
mechanical vectors such as invertebrates) are
not well understood. Wagenbach and Burns
(1969) measured respiration of E. stiedai oocysts
polarographically. An early increase in respira-
tory rate was followed by a depression in rate
that correlated with the appearance of the early
spindle stage. The rate again increased and then
decreased toward a base rate during and after
completion of sporulation.

In general, oocysts that leave the host
unsporulated (e.g., Eimeria, Isospora, Toxoplasma,
Besnoitia species) sporulate more rapidly at
higher temperatures and slower at lower
temperatures; exposure to temperatures less
than 10�C or greater than 50�C is usually lethal
to unsporulated oocysts. Oocysts of E. magna
and E. perforans did not sporulate below 10�C
(Becker and Crouch, 1931). Sibali�c (1949) looked
at the effect of temperature and moisture on
sporulation of E. stiedai and E. perforans oocysts
and found that sporulation was achieved
between 10 and 35�C, but that the optimal
temperature for sporulation was 20e27�C. For
E. stiedae, complete sporulation occurred in
oocysts at 40�C for 3 days, at 50�C for 6 hrs,
and even at 60�C for 30 min. Sibali�c (1949) also
reported that when he held oocysts of both E.
stiedai and E. perforans at 0�C for 135 days and
then raised the temperature to 27�C, the oocysts
would sporulate normally. On the other hand,
Cheissin (1967) said that oocysts of E. magna
began sporulation when kept at 10e12�C, but
did not completely develop in 226e325 hr, and
that 90e100% of these oocysts later degener-
ated. At 20e22�C about 95% of E. magna oocysts
sporulated in 65e73 hr, while those of E. perfo-
rans sporulated within 48 hr at the same temper-
ature (Cheissin, 1967). At 25�C, ~50% of the
oocysts of E. magna sporulated completely in
48 hr, 40% formed sporoblasts, and 10% degen-
erated (Becker and Crouch, 1931). At that
temperature, E. perforans required 48 hr for
complete sporulation. At 33�C, ~80% of the
oocysts of E. magna completed sporulation in

72 hr, but E. perforans required only 48 hr. At
35�C, ~41% of E. magna oocysts developed
within 96 hr, but at 36�C sporulation began,
but was not completed, while 10e14% of E. per-
forans oocysts sporulated completely at 35�C,
but none developed at any higher temperature.
Oocysts of both species were killed within 10
min at 51�C (Becker and Crouch, 1931).

Many authors have looked at the survival of
oocysts of avian coccidia in the soil, but only
a few bear mention here to illustrate the
extremes of their conflicting results. Koutz
(1950) worked with a culture of four Eimeria
species and found differences in survival
between species and trials. While monocultures
of E. tenella oocysts, in 14 ft2 wire-enclosed
outdoor pens, remained infective for 272 days
from September through June, its oocysts did
not survive in mixed cultures with three other
species when exposed to “a severe winter and
partial summer up to 322 days even though
heavy weeds had grown during the spring to
afford some protection,” while oocysts of the
other three species did survive and remained
infective. In another experiment with the mixed
culture of four species, two species survived
a year’s exposure while two did not. In one
pen left in direct sunlight and not protected by
grass or weeds, no oocysts of any of the four
species survived. Doran and Vetterling (1969)
froze sporulated oocysts of two species of
poultry eimerians (E. tenella, chickens; E. melea-
grimitis, turkeys) in media containing 7% dime-
thylsulfoxide, frozen to �80�C at 1 degree/min
and stored them above liquid nitrogen for up to
4 mo, at which time oocysts were uninfective to
chicks and turkey poults, but after 3 mo sporo-
cysts of both species produced infections.
More recently, Williams et al. (2010) used
a chilled 2.5% (w/v) potassium dichromate
solution as a long-term preservative of sporu-
lated oocysts for six Eimeria species of chickens
and stored these oocysts in the dark at 4 �
2�C; after 23 yrs, oocysts were not viable, as
measured by their inability to infect chickens,
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but after 24 yrs it was still possible to recover
their DNA, and after almost 25 yrs the oocyst
walls and internal structures remained well-
preserved in 83e98% of the oocysts of all six
species examined.

Oocysts of Cryptosporidium species can remain
viable in the environment for many months, and
we know they are resistant to chlorine disin-
fection, which further facilitates their transmis-
sion (Fayer, 2007). Additional factors, such as
ammonia, influence survival of all oocysts in
stored animal wastes. These factors and the
combined effects of soil matrix, vegetation, and
precipitation on the transfer of oocysts were
reviewed by King andMonis (2007). The temper-
atures and times given are mostly for oocysts of
C. parvum, but likely would be similar for C. cuni-
culus (from Fayer et al., 2000). Oocysts held for
6 mo at 20�C were still infectious for suckling
mice, but higher temperatures resulted in a rapid
loss of viability, as some oocysts held at 25 and
30�C were infections for only 3 mo. Warming
oocysts from 9 to 55�C over 20 min resulted in
loss of infectivity for sucklingmice, while oocysts
held at 59.7�C for 5 min had very low infectivity,
and others held at 71.7�C for only 5 sec were
killed (Harp et al., 1996). Freezing kills Cryptospo-
ridium oocysts. Snap freezing and programmed
freezing to �70�C resulted in immediate killing
of C. parvum oocysts even in the presence of
a variety of cryoprotectants (Fayer et al., 2000).
At higher temperatures oocysts survived longer;
some held at �20�C were viable for up to 8 hr,
but not at 24 hr, and some held at �10�C were
infectious for mice up to 1 wk after storage; those
held at �5�C remained viable for up to 2 mo.
Fayer et al. (2000) suggested that these results
indicate that fluids within Cryptosporidium
oocysts offer minimal cryoprotection to the
sporozoites. Desiccation is lethal to Cryptospo-
ridium oocysts. Only 3% of oocysts were found
viable after 2 hr of desiccation and 100% killing
was seen at 4 hr (Fayer et al., 2000).

Between the extremes noted above, the spor-
ulation of oocysts in a field-collected fecal

sample is dependent upon at least the following
factors: the coccidian species, the time and
temperature between collection and arrival of
the sample at the laboratory, the medium in
which the sample was stored, the amount of
molecular oxygen available to the stored
oocysts, and the concentration of oocysts in the
sample. Under optimal laboratory conditions,
sporulation of oocysts from mammals occurs
best between 20 and 25�C, but this will vary
among vertebrate classes (Duszynski and
Wilber, 1997). Delapland and Stuart (1935)
observed live oocysts of E. tenella in the soil of
shaded meadow plots 1.5 yr after removal
from the chicken. Cheissin (1959, 1967) found
the oocysts of rabbit coccidia were viable after
2 yr in K2Cr2O7 solution.

Interestingly, �Cerná (1974) reported an
anomaly in the sporulation of I. lacazei from spar-
rows (Passer domesticus) in Prague. She found
that some I. lacazei oocysts resembled oocysts of
Caryospora (one sporocyst with eight sporozoites)
even after “normal” sporulation at 20e25�C,
while a few others were intermediate between
the genera. Matsui et al. (1989) confirmed this
sporulation abnormality (?) when they saw that
a few oocysts (< 1%) of some Eimeria species
(normally, four sporocysts each with two sporo-
zoites) can be induced to change into Isospora-
like oocysts (two sporocysts each with four
sporozoites) when fresh, unsporulated oocysts
are first heated to 50�C for 30e60 seconds before
incubation at 25�C for 1 wk.

Fish (1931a, b) noted that ultraviolet (UV)
irradiation killed oocysts of E. tenella. Farr and
Wehr (1949) looked at the survival on soil of
three Eimeria species from chickens, under
various field conditions including direct
sunlight, partial shade, and deep shade, but
their results were equivocal both between
species and between test plots; however, they
said that infective oocysts of E. acervulina were
recovered from the plots for up to 86 wk after
they were seeded. Cheissin (1967, p. 172)
reported a series of studies by Litver (1935,
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1938; papers not available to us) that examined
the effects of UV light on rabbit coccidia in
more detail. When irradiated for 3e60 min
with a mercury-quartz lamp, some unsporu-
lated oocysts of E. perforans failed to develop
and died. After a 3-min exposure, 4% failed to
develop and a 60-min exposure killed 93% of
the oocysts. As the UV dosage was increased,
there was a rise in the percentage of undevel-
oped oocysts. When E. perforans oocysts were
irradiated in feces within 12 hr after removal
from rabbits, different results occurred. At low
levels (< 12 min exposure), a comparatively
low percentage of oocysts, 4e15%, failed to
develop. Increasing the dosage did not raise
the death rate. However, with E. stiedai oocysts,
60-min exposure to UV resulted in only 33% of
the oocysts failing to develop, demonstrating
that the E. stiedai oocysts are more resistant
than those of E. perforans under similar condi-
tions of exposure to UV irradiation. That the
oocysts of E. perforans were less sensitive to
UV irradiation 12 hr after emerging than were
newly emerged oocysts seems to indicate that
during sporulation there are developmental
stages that have a greater or lesser sensitivity
to harmful types of light rays. The sensitivity
of E. stiedai oocysts did not change when they
were kept at temperatures of from 1 to 20�C
for 3 hr prior to irradiation; that is, there was
no effect on sensitivity to UV rays. However,
the temperature regime after irradiation was of
special significance to the repair of oocysts after
they have been damaged by UV light. Following
4 min of irradiation at 14 to 26�C, 86e90% of the
oocysts died and in some oocysts, sporulation
ended within 62e88 hr (Cheissin, 1967).

PREVENTION OF
CONTAMINATION

Decontamination of animal housing/
bedding is difficult, at best, owing to the resis-
tant nature of oocysts and the ineffectiveness

of bleach-based disinfectants, especially after
oocysts are sporulated. Hot washing of surfaces
and utensils with detergent and rinsing, fol-
lowed by complete drying, is recommended.
Washing may be followed by ammonia-based
disinfectants, steam-cleaning, or hydrogen
peroxide with either peroxyacetic acid (PAA)
or silver nitrate (Chalmers and Giles, 2010).
However, some of these procedures may be
impractical for most routine implementations.

TRANSMISSION: ENTRY OF
OOCYSTS INTO THE HOST

Regardless of which organ the endogenous
stages end up locating in, the oocysts always
enter the host passively per os. Feces deposited
on the ground are subjected to wind, water,
and invertebrates transporting oocysts across
or through the soil. In some cases, humans and
other animals contribute to the movement of
oocysts. To initiate infection, sporulated oocysts
must be ingested with food, water, or by close
personal contact with infected people, animals,
or contaminated surfaces. Fayer et al. (2000) dis-
cussed the possible routes of transmission of
Cryptosporidium oocysts, but these principles
apply to all coccidian oocysts. Routes of trans-
mission can be host-to-host through direct
contract, water-borne through drinking water
or immersion activity (e.g., swimming, wading),
food-borne, and possibly airborne. The mecha-
nisms of such transmission can be more
complex than originally thought.

Fecal contamination of soil and natural
bodies of water ultimately can lead to contami-
nation of fresh foods, drinking water, and rivers,
ponds and lakes, but the movement of oocysts
from feces on land surfaces and ground water
has been little studied. We know that oocysts
can be picked up passively by birds, pass
unharmed through their digestive tracts, and
deposited at great distances from their source
of origin. Oocysts also may be disseminated by
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earthworms, cockroaches, house flies (Metelkin,
1935), and dung beetles on land, and by rotifers
in lakes, ponds, puddles, moss, and damp soils
(see Fayer et al., 2000, for review and references;
see Conn et al., 2007, for mechanical dissemina-
tion of Cryptosporidium oocysts by houseflies).
Oocysts, especially those of Cryptosporidium
species, have been found on the surface of raw
vegetables from the market place (Fayer et al.,
2000). Thus, rabbits may ingest oocysts along
with contaminated hay, oats, and other food
from the external environment where the oocysts
arrive with the feces, other excretory products,
and/or via contamination from various inverte-
brates. The less often that rabbit hutches are
cleaned, the greater the possibility that rabbits
will become infected. The dose of ingested
oocysts will vary in every instance; sometimes
only isolated oocysts will be ingested, but some-
times a large number of oocysts will be ingested
at one time. Some domestic animals, especially
rabbits, are infected with multiple species of
coccidia most of the time. Because these animals
tend to be congregated in large groups when
raised on farms, almost all animals are likely to
be infected and, in fact, it is very difficult to raise
a coccidia-free rabbit.

EXCYSTATION OF OOCYSTS
IN THE DIGESTIVE TRACT

The excystation of sporozoites from their
sporocysts and from the oocyst that contains
them takes place in different parts of the diges-
tive tract. This is largely determined by the
structure of the digestive tract and the functions
of individual sections. There is a great deal of
evidence on where excystation of eimerians
occurs in the gut of chickens, but very little
information has been established for rabbits. It
is thought that the process does not occur in
the stomach of rabbits (Smetana, 1933a). Within
15e20 min after introduction per os of a large
dose of sporulated E. intestinalis oocysts, intact

oocysts were observed in the duodenum.Within
30min, free sporozoites were found in the upper
part of the small intestine and were later found
along the entire length of the intestine (Smetana,
1933a). Infection of rabbits by various species of
coccidia has been successful in all cases in which
intact, sporulated oocysts were introduced
directly into the duodenum and the stomach
was bypassed. This suggests the action(s) of
pepsin is/are not necessary for excystation
(Cheissin, 1967). Smetana (1933a) observed ex-
cystation of small numbers of E. stiedai oocysts
in pancreatic juice at a temperature of 37�C and
explained that the activating agent for excysta-
tion was trypsin, but pancreatic enzymes may
also play a role (Cheissin, 1967).

ENDOGENOUS DEVELOPMENT
AND SOME PECULIARITIES

Once sporozoites have been released into the
intestinal lumen from their confinement within
the sporocyst, they actively seek out and invade
epithelial cells. Within the cell(s) of their
“choice” they take up residence in a parasito-
phorous vacuole (PV), often in the host cell cyto-
plasm, although a few species may reside within
the host’s nucleoplasm. Within the PV, they
begin to grow and undergo merogony; nuclear
division and cytokinesis occur rather rapidly,
and numerous first-generation merozoites are
produced. When mature, these merozoites kill
and exit from the host cell to invade other gut
cells. This process continues for a genetically
programmed number of times, with the final
generation of merozoites entering new cells to
produce gamonts. There are at least two pecu-
liarities that have been noted in the develop-
ment of coccidia within rabbits, endodyogeny
and the formation of multinucleate merozoites;
both deserve further exploration.

Endodyogeny is a process typical of hetero-
xenous coccidia (e.g., Besnoitia, Toxoplasma, Sar-
cocystis), but it also is known to occur in some
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monoxenous eimerians of rabbits. Scholtyseck
(1973)first recorded the formationof “cytomeres”
fromconcentrically arrangedvesicles of the endo-
plasmic reticulumwithin themeronts ofE. stiedai,
and he observed a process corresponding to
endodyogeny within them. Later, Scholtyseck
and Ratanavichien (1976) reported endodyogeny
in the merozoites of E. stiedai, and Pakandl (1989)
observed a process corresponding to endodyog-
eny in the first-generation meronts of E. coecicola.
Endodyogeny thus seems to be a common
phenomenon in theasexual endogenousdevelop-
ment of rabbit coccidia.

In general, multinucleate merozoites are an
exceptional phenomenon in the life cycle of
coccidia, but their occurrence in rabbit coccidia
is quite common. Multinucleate merozoites
have been recorded in E. perforans (Streun et al.,
1979), E. magna (Cheissin, 1940; Sénaud and
�Cerná, 1969; Speer et al., 1973a, b; Danforth and
Hammond, 1972; Ryley and Robinson, 1976), E.
intestinalis (Pellérdy and Dürr, 1970; Heller,
1971), E. flavescens (Norton et al., 1979), E. stiedai
(�Cerná and Sénaud, 1971), and in E. media and
E. vejdovskyi (Pakandl, 1988). Multinucleate
merozoites seem to be a common component of
the life cycle of rabbit coccidia. In no other host
group are they found to occur in so many Eimeria
species (Pakandl, 1988). It appears the multinu-
cleate merozoites possess some properties of
a merozoite and some of a meront. From this
viewpoint, the strict differentiation of asexual
stages into meronts and merozoites need not be
always correct (Pakandl, 1989).

Although interesting, there is still no satisfac-
tory explanation for the role of multinucleate
merozoites in coccidian life cycles in which
they are found. Whether they further divide
inside the same host cell or they leave the host
cell and infect another one is unknown. Also,
the possible sexual determination of twomeront
types in each generation still remains unsolved
(Pakandl, 1988). The quantitative ratio suggests
that meronts with multinucleate merozoites
may give rise to microgamonts, whereas the

mononucleate merozoites give rise to meronts,
also with mononucleate merozoites or macroga-
monts (Pakandl, 1988).

Interestingly, there are no other intestinal
coccidia in the genera Caryospora, Cyclospora,
Tyzzeria, and Wenyonella documented from
rabbits, and only two Isospora species have
been reported in Ochotona species, but these
are rare reports and nothing is known about
their endogenous development. Eberhard et al.
(2000) inoculated rabbits (O. cuniculus), eight
other mammal species (e.g., mice, rats, etc.),
and three primate species with sporulated
oocysts of Cyclospora cayetanensis, but were
unable to achieve infection in any of them.

HOST SPECIFICITY AND CROSS-
TRANSMISSION

Some of the coccidia reviewed here are host
specific and some are not. For example, of the
17 eimerians known to be capable of infecting
Sylvilagus species (Table 7.1), 12 were found
in naturally infected populations, while five
(E. irresidua, E. magna, E. media, E. perforans, E.
stiedai) were successfully transmitted experi-
mentally from O. cuniculus, their natural host.
All of the cross-transmission work done to
date is summarized in Table 11.2. Host speci-
ficity, as it pertains to each host genus, is dis-
cussed within the relevant chapter. This is
certainly a rich area for future exploration.

PATHOLOGY

Coccidiosis is one of the most frequent and
prevalent parasitic diseases of domesticated
food animals, including rabbits, and is accom-
panied by weight loss, mild intermittent to
severe diarrhea, feces containing mucus or
blood, dehydration, and decreased (rabbit)
breeding (Peeters et al., 1984; Bhat and Jithen-
dran, 1995; Jithendran and Bhat, 1996).
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Coudert et al. (1995) classified E. exigua, E. per-
forans, and E. vejdovskyi as slightly pathogenic.
The pathogenicity may be connected, at least
partially, to the localization of these coccidia, in
most instances, in the upper parts of the villi
(Streun et al., 1979; Pakandl and Coudert, 1999).
In contrast, the most pathogenic rabbit coccidia,
E. intestinalis and E. flavescens, parasitize the
crypts of the lower part of the small intestine or
cecum, respectively (Norton et al., 1979; Licois
et al., 1992c; Pakandl et al., 2003). The intestinal
epithelium is apparently more heavily damaged
if the parasite destroys its stem cells located in
the crypts (Jelı́nková et al., 2008). Endogenous
development also causes desquamation of intes-
tinal mucosa, capillary rupture, and bleeding
into the intestinal lumen with catarrhal or
hemorrhagic enteritis (Peeters et al., 1984; Bhat
and Jithendran, 1995). Besides damaging intes-
tinal mucosa, coccidia may cause a general reac-
tion of the host with consequent changes in
blood, urine, and feces (Licois et al., 1978a, b;
Jithendran and Bhat, 1996; Kuli�si�c et al., 1998;
Tambur et al., 1998a, b, c, 1999). Blood taken
from rabbits experimentally infected with
coccidia revealed significant changes in the
activity of GOT and alkaline phosphatase, and
in the amount of bilirubin (Sherkov et al., 1986).

Kuli�si�c et al. (2006) infected 52-day-old chin-
chilla rabbits (O. cuniculus) with a mixture of
either 2 � 105 or 4 � 105 sporulated oocysts of E.
flavescens (7%), E. matsubayashii (9%), E. magna
(12%), E. neoleporis (19%), E. perforans (21%), and
E. media (32%); rabbits were bled immediately
before inoculation (day 0) and on days 4, 7, and
10 PI. During their infection, rabbits developed
what they termed “mild coccidiosis,” and pre-
sented symptoms that included polydipsia, bris-
tling hair, decreased appetite, andmoderate body
weight loss. In their infected rabbits, the number
of white blood cells (WBCs) never increased
significantly over uninfected controls. Neutro-
phils in both infected groups increased signifi-
cantly over control values on days 4, 7, and 10
PI, apparently because of the inflammation.

Percentages of basophils and eosinophils re-
mained at mostly similar levels throughout the
experiment. Monocytes rose significantly only
on day 10 PI. Lymphocyte numbers decreased
significantly in infected rabbits. They (2006) sug-
gested that the inflammatory process locally
recruited leukocytes (lymphocytes?) that were
lost through the damaged intestinal mucosa,
and this was the probable reason for their count
decrease. The count increase in the later phase
of infection was attributed to hemoconcentration
as a result of fluid loss (Kuli�si�c et al., 2006).

Finally, it is difficult to find any brood of
rabbits without also finding coccidian oocysts
in their feces. These infections attack young
rabbits more severely, especially those from 2
to 6 mo old (Gres et al., 2003). Older animals
having recovered from any disease-related
symptoms acquire immunity, but they are still
important as carriers.

PHYLOGENETIC RELATIONSHIPS
OF RABBIT EIMERIANS

Our knowledge about the evolution of
morphological and biological (e.g., host speci-
ficity, endogenous development, pathogenicity,
etc.) traits within the Eimeria is trivial, as is our
understanding of how these traits may relate
to the parasite’s evolutionary history with its
host. One of the first studies to address this issue
was by Reduker et al. (1987) working with
rodent eimerians. Using cladistics and phenetic
analysis of isozyme banding patterns, the
morphology of sporulated oocysts, and several
life-cycle traits, they recognized two different
Eimeria lineages. Later, Hnida and Duszynski
(1999a, b) reported similar results; that is, two
different eimerian lineages, using phylogenetic
analyses of molecular sequence and bioprinting
data. Zhao and Duszynski (2001a, b) were the
first to split rodent Eimeria species into two
distinct lineages, based partially on oocyst size
and shape, but primarily on the presence or
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absence of one unique structure, the oocyst
residuum (OR). Using plastid ORF 470 and 23S
rDNA and nuclear 18S rDNA sequences, they
showed distinct phylogenetic relationships
among rodent eimerians in three families based
on the presence/absence of the OR. No similar
studies were done with rabbits until Kvi�cerová
et al. (2008) examined the phylogenetic relation-
ships among Eimeria species infecting domesti-
cated rabbits in the Czech Republic. They used
11/16 (69%) of the valid eimerians known
from O. cuniculus, namely E. coecicola, E. exigua,
E. flavescens, E. intestinalis, E. irresidua, E. magna,
E. media, E. perforans, E. piriformis, E. stiedai, and
E. vejdovskyi. Sporulated oocysts of these species
are relatively heterogeneous relative to their
oocyst morphology (e.g., presence/absence of
M, OR, SR, etc.) and size (e.g., oocyst, sporocyst
dimensions), as is the location of their endoge-
nous stages in the host (e.g., various locations
in the gut vs. liver), high (E. coecicola, E. intestina-
lis, E. irresidua, E. magna), moderate (E. flavescens,
E. media, E. stiedai) or low pathogenicity (E. exi-
gua, E. matsubayashii, E. neoleporis, E. perforans,
E. piriformis), and so on. Using partial sequences
of 18S rDNA from their 11 rabbit eimerians they
did a phylogenetic analysis using all Eimeria
sequences available in GenBank and found
that the rabbit eimerians were a well-formed,
monophyletic cluster possessing a relatively
long common branch. Prior to their work
(2008), only three molecular studies were
known on rabbit coccidia and they focused on
diagnostics and inter- and intraspecific varia-
tion using RAPD techniques (Ceré et al., 1995,
1996, 1997). Recently, Oliveira et al. (2011), using
nucleotide sequences of ITS1 ribosomal DNA,
developed species-specific molecular assays
for the identification of Eimeria species infecting
the domestic rabbit. Their work showed good
reproducibility and presented a consistent
sensitivity with three different brands of ampli-
fication enzymes. Unfortunately, however, they
did not have sufficient molecular data to
provide a clear phylogenetic signal.

The study by Kvi�cerová et al. (2008), however,
did provide a clear phylogenetic signal, indi-
cating that the rabbit-specific Eimeria form
a monophyletic species group/cluster. And, of
all the morphological and biological characters
used in their analysis, only the presence or
absence of an OR strictly followed the phyloge-
netic division into two monophyletic sister line-
ages, which made it impossible to decide which
state is plesiomorphic for their rabbit eimerians.
The only conclusion they could make was that
the presence/absence of an OR seemed to be an
evolutionarily conserved feature. They wisely
acknowledged, however, that in such a species-
richgroupas theEimeria, any analysis of its evolu-
tionary history is compromised by the samples
that are available to each investigator (Kvi�cerová
et al., 2008); that is, the 60 or so Eimeria sequences
deposited in GenBank to date represent only
a small fraction of known species in mammals
and a miniscule fraction of all species yet to be
discovered from all vertebrates. For example,
there are about 5,416 mammal species (Wilson
and Reeder, 2005) organized into 1,229 genera,
53 families and 29 orders. Members of only 5/29
(17%) orders have been examined for coccidia,
from which <15% of their species have been
examined for coccidia. Using these and other
availabledataon the extantnumberofvertebrates
and their known coccidians on Earth, Duszynski
(2011) estimated there may be, minimally,
124,300 coccidia species that parasitize all verte-
brates, most of which are Eimeria species. The
1,800 coccidia species currently known is only
1.4% of the number of species that likely exist in
Earth’s vertebrates! Clearly, a much more
complete dataset of hosts, eimerians, and
sequenced genes must be available before the
evolution of various traits within Eimeria species
can be seriously addressed (Kvi�cerová et al.,
2008). This was clearly pointed out by Kvi�cerová
et al. (2008) in the lack of congruence they found
between any of their phylogenies and most of
the morphological and biological traits of the 11
Eimeria species they examined from O. cuniculus.
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TABLE 11.1 Alphabetical list of All Coccidian Parasites Covered in this Book and the Lag-
omorph Hosts fromWhich They Have Been Reported. All parasites are reported
from naturally infected rabbits unless indicated as experimental (E).

Besnoitia besnoiti (Marotel, 1912) Henry, 1913 (E)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Besnoitia jellisoni Frenkel 1955a (E)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Besnoitia wallacei (Tadros and Laarman, 1976) Dubey, 1977 (E)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Cryptosporidium cuniculus Inman and Takeuchi, 1979

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail (?)1

Cryptosporidium meleagridis Slavin, 1955

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Cryptosporidium parvum Tyzzer, 1912

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria americana Carvalho, 1943

Lepus townsendii (Bachman, 1839), White-tailed jackrabbit

Eimeria athabascensis Samoil & Samuel, 1977a

Lepus americanus (Erxleben, 1777), Snowshoe hare

Eimeria audubonii Duszynski & Marquardt, 1969

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria azul Wiggins and Rothenbacher 1979

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria bainae Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria balchanica Glebezdin, 1978

Ochotona rufescens (Gray, 1842), Afghan pika

Eimeria banffensis Lepp, Todd & Samuel, 1973

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona curzoniae (Hudgson, 1858), Plateau pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika
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TABLE 11.1 Alphabetical list of All Coccidian Parasites Covered in this Book and the
Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Eimeria barretti Lepp, Todd & Samuel, 1972

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona princeps (Richardson, 1828), American pika

Eimeria brachylagia Duszynski, Harrestien, Couch & Garner, 2005

Brachylagus idahoensis (Merriam, 1891), Pygmy rabbit

Eimeria cabareti Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria calentinei Duszynski & Brunson, 1973

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona curzoniae (Hudgson, 1858), Plateau pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

Eimeria campania (Carvalho, 1943) Levine & Ivens, 1972

Lepus europaeus (Pallas, 1778), European hare

Lepus nigricollis (F. Cuvier, 1823), Indian hare

Lepus townsendii (Bachman, 1839), White-tailed jackrabbit

Eimeria circumborealis Hobbs & Samuel, 1974

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

Eimeria coecicola Cheissin (Kheysin), 1947

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria coquelinae Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria cryptobarretti Duszynski & Brunson, 1973

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona curzoniae (Hudgson, 1858), Plateau pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

(Continued)
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(cont’d)

Eimeria daurica Matschoulsky, 1947a

Ochotona dauurica (Pallas, 1776), Daurian pika

Eimeria environ Honess, 1939

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Sylvilagus nuttallii (Bachman, 1837), Mountain cottontail

Eimeria erschovi Matschoulsky, 1949

Ochotona dauurica (Pallas, 1776), Daurian pika

Ochotona pallasi (Gray, 1867), Mongolian pika

Eimeria europaea Pellérdy, 1956

Lepus capensis (L., 1758), Cape hare

Lepus timidus (L., 1758), Mountain hare

Lepus europaeus (Pallas, 1778), European hare

Eimeria exigua Yakimoff, 1934

Lepus arcticus (Ross, 1819), Arctic hare (?)

Lepus capensis (L., 1758), Cape hare (?)

Lepus europaeus (Pallas, 1778), European hare (?)

Lepus timidus (L., 1758), Mountain hare (?);

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail (?)

Eimeria flavescens Marotel & Guilhon, 1941

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria gantieri Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria gobiensis Gardner, Saggerman, Batsaikan, Ganzorig, Tinnin & Duszynski, 2009

Lepus tolai (Pallas, 1778), Tolai hare

Eimeria groenlandica Madsen, 1938 emend. Levine & Ivens, 1972

Lepus arcticus (Ross, 1819), Arctic hare

Eimeria haibeiensis Yi-Fan, Run-Roung, Jian-Hua, Jiang-Hui & Duszynski, 2009

Ochotona curzoniae (Hudgson, 1858), Plateau pika

Eimeria holmesi Samoil & Samuel, 1977a

Lepus americanus (Erxleben, 1777), Snowshoe hare
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TABLE 11.1 Alphabetical list of All Coccidian Parasites Covered in this Book and the
Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Eimeria honessi (Carvalho, 1943) emend. Levine and Ivens, 1972 and Pellérdy, 1974

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Sylvilagus nuttallii (Bachman, 1837), Mountain cottontail

Eimeria hungarica Pellérdy, 1956

Lepus capensis (L., 1758), Cape hare

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Lepus nigricollis (F. Cuvier, 1823), Indian hare

Lepus timidus (L., 1758), Mountain hare (?)

Eimeria intestinalis Cheissin, 1948

Lepus sp. (?)

Oryctolagus cuniculus (L., 1758), European (domestic, tame) rabbit

Eimeria irresidua Kessel & Jankiewicz, 1931

Lepus europaeus (Pallas, 1778), European hare

Lepus nigricollis (F. Cuvier, 1823), Indian hare (?)

Oryctolagus cuniculus (L., 1758), European (domestic, tame) rabbit

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria keithi Samoil & Samuel, 1977a

Lepus americanus (Erxleben, 1777), Snowshoe hare

Eimeria klondikensis Hobbs & Samuel, 1974

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

Eimeria lapierrei Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria leporis Nieschulz, 1923

Lepus americanus (Erxleben, 1777), Snowshoe hare

Lepus arcticus (Ross, 1819), Arctic hare

Lepus capensis (L., 1758), Cape hare

(Continued)
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Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Lepus nigricollis (F. Cuvier, 1823), Indian hare

Lepus timidus (L., 1758), Mountain hare (?)

Lepus tolai (Pallas, 1778), Tolai hare

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit (?)

Eimeria macrosculpta Sugár, 1979

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria magna Pérard, 1925b

Lepus californicus (Gray, 1837), the Black-tailed jackrabbit (?)

Lepus capensis (L., 1758), Cape hare (?)

Lepus europaeus (Pallas, 1778), European hare (?)

Lepus nigricollis (F. Cuvier, 1823), Indian hare (?)

Lepus timidus (L., 1758), the Mountain hare (?)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail (E)

Eimeria maior Honess, 1939

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Sylvilagus nuttallii (Bachman, 1837), Mountain cottontail

Eimeria matsubayashii Tsunoda, 1952

Lepus sp. (?)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria media Kessel, 1929

Lepus californicus (Gray, 1837), the Black-tailed jackrabbit (?)

Lepus capensis (L., 1758), Cape hare (?)

Lepus nigricollis (F. Cuvier, 1823), Indian hare (?)

Lepus timidus (L., 1758), Mountain hare (?)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail (E)
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Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Eimeria metelkini Matschoulsky, 1949

Ochotona dauurica (Pallas, 1776), Daurian pika

Eimeria minima Carvalho, 1943

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria nagpurensis Gill & Ray, 1960

Lepus sp. (?)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria neoirresidua Duszynski and Marquardt, 1969

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria neoleporis Carvalho, 1942

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit (E)

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria nicolegerae Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria ochotona Matschoulsky, 1949

Ochotona dauurica (Pallas, 1776), Daurian pika

Eimeria oryctolagi Ray & Banik, 1965b

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria paulistana da Fonseca, 1933

Sylvilagus brasiliensis (L., 1758), Tapeti or Brazilian cottontail

Eimeria perforans (Leuckart, 1879) Sluiter & Schwellengrebed, 1912

Lepus americanus (Erxleben, 1777), Snowshoe hare (?)

Lepus californicus (Gray, 1837), Blacktailed jack rabbit (?)

Lepus capensis (L., 1758), Cape hare (?)

Lepus europaeus (Pallas, 1778), European hare (?)

Lepus nigricollis (syn. Lepus ruficaudatus) (F. Cuvier, 1823), Indian hare (?)

Lepus timidus (L., 1758), Mountain hare (?)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

(Continued)
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Sylvilagus brasiliensis (L., 1758), Tapeti

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail (E)

Eimeria pierrecouderti Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria pintoensis da Fonseca, 1932

Sylvilagus brasiliensis (L., 1758), Tapeti or Brazilian cottontail

Eimeria piriformis Kotlán & Pospesch, 1934

Lepus capensis (L., 1758), Cape hare (?)

Lepus europaeus (Pallas, 1778), European hare

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria poudrei Duszynski and Marquardt, 1969

Sylvilagus audubonii (Baird 1858), Desert cottontail

Eimeria princepsis Duszynski & Brunson, 1973

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

Eimeria punjabensis Gill & Ray, 1960

Lepus nigricollis (F. Cuvier, 1823), Indian hare

Eimeria qinghaiensis Yi-Fan, Run-Roung, Jian-Hua, Jiang-Hui & Duszynski, 2009

Ochotona curzoniae (Hudgson, 1858), Plateau pika

Eimeria reniai Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria robertsoni (Madsen, 1938) Carvalho, 1943

Lepus americanus (Erxleben, 1777), Snowshoe hare

Lepus arcticus (Ross, 1819), Arctic hare

Lepus capensis (L., 1758), Cape hare

Lepus europaeus (Pallas, 1778), European hare

Lepus nigricollis (syn. Lepus ruficaudatus) (F. Cuvier, 1823), Indian hare

Lepus timidus (L., 1758), Mountain hare

Lepus townsendi (Bachman, 1839), White-tailed jackrabbit
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TABLE 11.1 Alphabetical list of All Coccidian Parasites Covered in this Book and the
Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Eimeria rochesterensis Samoil & Samuel, 1977a

Lepus americanus (Erxleben, 1777), Snowshoe hare

Eimeria roobroucki Grés, Marchandeau & Landau, 2002

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria rowani Samoil & Samuel, 1977a

Lepus americanus (Erxleben, 1777), Snowshoe hare

Eimeria ruficaudati Gill & Ray, 1960

Lepus americanus (Erxleben, 1777), Snowshoe hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

Lepus nigricollis (F. Cuvier, 1823), Indian hare

Eimeria sculpta Madsen, 1938

Lepus arcticus (Ross, 1819), Arctic hare

Lepus europaeus (Pallas, 1778), European hare

Lepus townsendii (Bachman, 1839), White-tailed jackrabbit

Eimeria semisculpta (Madsen, 1938) Pellérdy, 1956

Lepus arcticus (Ross, 1819), Arctic hare

Lepus europaeus (Pallas, 1778), European hare

Lepus timidus (L., 1758), Mountain hare (?)

Lepus townsendii (Bachman, 1839), White-tailed jackrabbit

Eimeria septentrionalis Yakimoff, Matschoulsky & Spartansky, 1936

Lepus arcticus (Ross, 1819), Arctic hare

Lepus europaeus (Pallas, 1778), European hare

Lepus timidus (L., 1758), Mountain hare

Lepus townsendii (Bachman, 1839), White-tailed jackrabbit

Eimeria stefanskii Pastuszko, 1961a

Lepus europaeus (Pallas, 178), European hare

Eimeria stiedai (Lindemann, 1865) Kisskalt and Hartmann, 1907

Lepus americanus (Erxleben, 1777), Snowshoe hare

Lepus californicus (Gray, 1837), Black-tailed jackrabbit

Lepus capensis (L., 1758), Cape hare

(Continued)
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TABLE 11.1 Alphabetical list of All Coccidian Parasites Covered in this Book and the
Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Lepus europaeus (Pallas, 1778), European hare (E)

Lepus timidus (L., 1758), Mountain hare

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Sylvilagus audubonii (Baird, 1858), Desert cottontail (E)

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail (E)

Sylvilagus nuttallii (Bachman, 1837), Mountain cottontail

Eimeria sylvilagi Carini, 1940

Lepus nigricollis (F. Cuvier, 1823), Indian hare (?)

Sylvilagus brasiliensis (L., 1758), Tapeti or Brazilian cottontail

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Eimeria tailliezi Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus europaeus (Pallas, 1778), European hare

Eimeria townsendi (Carvalho, 1943) Pellérdy, 1956

Lepus americanus (Erxleben, 1777), Snowshoe hare

Lepus europaeus (Pallas, 1778), European hare

Lepus timidus (L., 1758), Mountain hare

Lepus townsendii (Bachman 1839), White-tailed jackrabbit

Eimeria vejdovskyi (Pakandl, 1988) Pakandl & Coudert, 1999

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria worleyi Lepp, Todd & Samuel, 1972

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

Isospora marquardti Duszynski & Brunson, 1972

Ochotona collaris (Nelson, 1893), Collared pika

Ochotona hyperborea (Pallas, 1811), Northern pika

Ochotona princeps (Richardson, 1828), American pika

Isospora yukonensis Hobbs & Samuel, 1974

Ochotona collaris (Nelson, 1893), Collared pika

Sarcocystis cuniculi (Brumpt, 1913) Tadros and Laarman, 1977a

Lepus europaeus (Pallas, 1778), European hare

Lepus timidis (L., 1758), Mountain hare (?)

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit
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TABLE 11.1 Alphabetical list of All Coccidian Parasites Covered in this Book and the
Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Sarcocystis dogeli (Matschoulsky, 1947b) Levine and Tadros, 1980

Ochotona dauurica (Pallas, 1776), Daurian pika

Sarcocystis galuzoi Levit, Orlov and Dymkova, 1984

Ochotona alpina (Pallas, 1773), Alpine pika

Sarcocystis germaniaensis Duszynski and Couch, 2013

Lepus europaeus (Pallas, 1778), European hare

Sarcocystis leporum Crawley, 1914

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Sylvilagus nuttallii (Bachmann, 1837), Mountain cottontail

Sylvilagus palustris (Bachmann, 1837), Marsh rabbit

Toxoplasma gondii (Nicolle and Manceaux, 1908) Nicolle and Manceaux, 1909

Lepus europaeus (Pallas, 1778), European hare

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

SPECIES INQUIRENDAE (33)

Besnoitia sp. of Mbuthia et al., 1993

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Besnoitia sp. of Venturini et al., 2002

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Cryptosporidium sp. of Tyzzer, 1929

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Cryptosporidium “rabbit genotype”

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria babatica Sugár, 1978

Lepus europaeus (Pallas, 1778), European hare

Eimeria belorussica Litvenkova, 1969

Lepus europaeus (Pallas, 1778), European hare

Eimeria gresae Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus europaeus (Pallas, 1778), European hare

Lepus granatensis (Rosenhauer, 1956), Granada hare

(Continued)
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reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Eimeria mazierae Aoutil, Bertani, Bordes, Snounou, Chabaud & Landau, 2005

Lepus granatensis (Rosenhauer, 1956), Granada hare

Eimeria pallasi (Svanbaev, 1958) Lepp, Todd & Samuel, 1972

Ochotona pallasi (Gray, 1867), Mongolian pika

Eimeria pellerdi Coudert, 1977a, b

Oryctolagus cuniculus (L., 1758), European (domestic) rabbit

Eimeria shubini (Svanbaev, 1958) Lepp, Todd & Samuel 1972

Ochotona pallasi (Gray, 1867), Mongolian pika

Eimeria sp. 1 Gvozdev, 1948

Lepus tolai (Pallas, 1778), Tolai hare

Eimeria sp. 2 Gvozdev, 1948

Lepus tolai (Pallas, 1778), Tolai hare

Eimeria sp. of Golemanski, 1975

Lepus europaeus (Pallas, 1778), European hare

Eimeria sp. of Svanbaev, 1958

Ochotona pallasi (Gray, 1867), Mongolian pika

Eimeria spp. of Barrett & Worley, 1970

Ochotona princeps (Richardson, 1828), American pika

Eimeria type IV of Herman and Jankiewicz, 1943

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Eimeria type V of Herman and Jankiewicz, 1943

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Eimeria type VI of Herman and Jankiewicz, 1943

Sylvilagus audubonii (Baird, 1858), Desert cottontail

Isospora sp. of Barrett & Worley, 1970

Ochotona princeps (Richardson, 1828), American pika

Sarcocystis cf. bertrami Doflein, 1901 of Odening, Wesemeier, Pinkowski, Walter,

Sedlaczek and Bockhardt, 1994c

Lepus europaeus (Pallas, 1778), European hare
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Lagomorph Hosts from Which They Have Been Reported. All parasites are
reported from naturally infected rabbits unless indicated as experimental (E).
(cont’d)

Sarcocystis cf. cuniculi Brumpt, 1913 of Odening, Wesemeier, Pinkowski, Walter,

Sedlaczek and Bockhardt, 1994c

Lepus europaeus (Pallas, 1778), European hare

Sarcocystis sp. 1 of Fedoseenko, 1986

Ochotona alpina (Pallas, 1773), Alpine pika

Sarcocystis sp. 1 of Odening, Wesemeier, Pinkowski, Walter, Sedlaczek and Bockhardt, 1994c

Lepus europaeus (Pallas, 1778), European hare

Sarcocystis sp. 2 of Fedoseenko, 1986

Ochotona alpina (Pallas, 1773), Alpine pika

Sarcocystis sp. 2 of Odening, Wesemeier, Pinkowski, Walter, Sedlaczek and Bockhardt, 1994c

Lepus europaeus (Pallas, 1778), European hare

Sarcocystis sp. 3 of Odening, Wesemeier, and Bockhardt, 1996

Lepus europaeus (Pallas, 1778), European hare

Sarcocystis sp. of Stiles, 1894

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Sarcocystis sp. of Barrett and Worley, 1970

Ochotona princeps (Richardson, 1828), American pika

Sarcocystis sp. of Bell and Chalgren, 1943

Sylvilagus floridanus (J.A. Allen, 1890), Eastern cottontail

Sarcocystis sp. of Grundmann and Lombardi, 1976

Ochotona princeps (Richardson, 1828), American pika

Sarcocystis sp. of Levit, Orlov and Dymkova, 1984

Ochotona alpina (Pallas, 1773), Alpine pika

Sarcocystis sp. of Rausch, 1961

Ochotona collaris (Nelson, 1893), Collared pika

1 (?) These reports are questionable and, likely, are not valid identifications from that host.
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TABLE 11.2 Cross-Transmission Studies Done with Lepus, Oryctolagus, and Sylvilagus Species, Through 2012, with Various
Rabbit Coccidia

Coccidian/original host Inoculating dose Recipient host Results (D/L) References

Besnoitia besnoiti

Cattle Proliferative forms in
blood

O. cuniculus 2 adults þ Pols, 1954a

O. cuniculus Subinoculations IV, SC, IP,
19 serial passes

O. cuniculus 145 rabbits þ Pols, 1954b

O. cuniculus Subinoculatons, 125 serial
passages

O. cuniculus 431 rabbits þ 9 rabbits � Pols, 1960

Cattle Emulsified cyst, from
slaughtered cow

O. cuniculus 75 passages þ in rabbits Neuman, 1962

Cattle Emulsified cyst, from
slaughtered bull

O. cuniculus 227þ rabbits þ Bigalke, 1967; Neuman & Nobel, 1981

Antelope, cattle Blood forms O. cuniculus þ þ Basson et al., 1970

Cattle Skin cysts O. cuniculus þ Peteshev et al., 1974

Cat 200,000 oocysts O. cuniculus 2 adults þ McKenna & Charleston, 1980

Cattle strain, serial
passed in rabbits

Unknown, presumably
tissue cysts from rabbits

O. cuniculus 24/26 3- to 6-mo-olds þ Kaggawa et al., 1979

B. jellisoni

Peromyscus maniculatus Tissue cysts O. cuniculus þ Frenkel, 1955b, 1965; Biglake, 1967,
1968; others

B. wallacei

Felis domestica 1 � 106 sporulated oocysts O. cuniculus 2 adults þ Ng’ang’a et al., 1994

Eimeria americana

Lepus townsendii Sporulated oocysts O. cuniculus

S. floridanus

�
�

Carvalho, 1943
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E. campania

L. townsendii Sporulated oocysts O. cuniculus
S. floridanus

�
�

Carvalho, 1943

E. environ

S. floridanus 80,000
100,000

S. floridanus

O. cuniculus

5 juv. þ
5 juv., �
2 adults �

Carvalho, 1943

E. europaea

L. europaeus Sporulated oocysts O. cuniculus � Pellérdy, 1956

E. exigua

O. cuniculus Sporulated oocysts L. europaeus 2 adults � Pellérdy, 1956

E. honessi

S. floridanus “Light dose” O. cuniculus 1 rabbit þ Carvalho, 1943

E. hungarica

L. europaeus
L. timidus

Sporulated oocysts
Sporulated oocysts

O. cuniculus
O. cuniculus

31 juv. �
�

Pellérdy, 1954a, b, 1956
Burgaz, 1973

E. irresidua

O. cuniculus Sporulated oocysts S. floridanus
L. europaeus

þ
�

Carvalho, 1943
Pellérdy, 1954a

E. leporis

L. europaeus

L. timidus

Sporulated oocysts

Sporulated oocysts

O. cuniculus

O. cuniculus

�

�Burgza, 1973

Nieschulz, 1923; Pellérdy, 1956;
Lucas et al., 1959

E. magna

O. cuniculus Sporulated oocysts
Sporulated oocysts
Sporulated oocysts

S. floridanus

L. europaeus

L. timidus

þ
�
þ (?)

Becker, 1933; Carvalho, 1943
Pellérdy, 1954a
Burgaz, 1973

E. maior

S. floridanus 50,000 O. cuniculus 3 juv. �
2 adult �

Carvalho, 1943

(Continued)
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TABLE 11.2 Cross-Transmission Studies Done with Lepus, Oryctolagus, and Sylvilagus Species, Through 2012, with Various
Rabbit Coccidia (cont’d)

Coccidian/original host Inoculating dose Recipient host Results (D/L) References

E. media

O. cuniculus
L. timidus

Sporulated oocysts
Sporulated oocysts

S. floridanus
O. cuniculus

1 rabbit þ
þ(?)

Carvalho, 1943
Burgaz, 1973

E. minima

S. floridanus Sporulated oocysts O. cuniculus 2 juv. � Carvalho, 1943

E. neoleporis

S. floridanus

S. floridanus

�600,000
150,000*

O. cuniculus

S. floridanus

65þ rabbits þ
3 juv. þ

Carvalho, 1942, 1943

E. paulistana

S. brasiliensis Sporulated oocysts O. cuniculus 1 rabbit � da Fonseca, 1933

E. perforans

O. cuniculus Sporulated oocysts S. floridanus

L. europaeus

L. timidus

þ
�
�

Carvalho, 1943
Pellérdy, 1954a
Burgaz, 1973

E. pintoensis

S. brasiliensis Sporulated oocysts O. cuniculus 1 rabbit � da Fonseca, 1932

E. piriformis

O. cuniculus Sporulated oocysts L. europaeus
L. timidus

�
�

Pellérdy, 1954a, 1956
Burgaz, 1973

E. robertsoni

L. townsendii

L. europaeus

L. timidus

L. americanus

Sporulated oocysts

Sporulated oocysts
Sporulated oocysts
100, 30,600, 50,000 oocysts

O. cuniculus
S. floridanus

O. cuniculus

O. cuniculus

O. cuniculus

�
�
�
�
7 adults �

Carvalho, 1943

Pellérdy, 1956
Burgaz, 1973
Samoil & Samuel, 1977b

E. sculpta

L. townsendii Sporulated oocysts O. cuniculus

S. floridanus

�
�

Carvalho, 1943
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E. semisculpta

L. europaeus

L. timidus

Sporulated oocysts
Sporulated oocysts

O. cuniculus

O. cuniculus

�
�

Carvalho, 1943; Pellérdy, 1956
Burgaz, 1973

E. septentrionalis

L. townsendii Sporulated oocysts O. cuniculus

S. floridanus

�
�

Carvalho, 1943

E. stiedai

O. cuniculus Sporulated oocysts L. europaeus

L. timidus

S. audubonii

S. floridanus

9 adults þ
6 juv. þ

þ
þ

þ

Varga, 1976
Scholtyseck et al., 1979;
Entzeroth & Scholtyseck, 1977
Burgaz, 1973
Jankiewicz, 1941; Herman &
Jankiewicz, 1943
Hsu, 1970

E. sylvilagi

S. floridanus Sporulated oocysts O. cuniculus � Hsu, 1970

E. townsendii

L. townsendii

L. europaeus

Sporulated oocysts O. cuniculus

S. floridanus
O. cuniculus

�
�
�

Carvalho, 1943
Pellérdy, 1954

Sarcocystis cuniculi

O. cuniculus Tissue cysts F. domestica þ Tadros & Laarman, 1976, 1977a, b,
1982; Munday et al., 1980

S. leporum

S. floridanus

Felis domestica

Tissue cysts

200e75,000 sporocysts

Canis familiaris

F. domestica

O. cuniculus

4 adults �
6/8 adults þ
2 juv. þ
5 adults �

Fayer & Kradel, 1977

Crum & Prestwood, 1977; Fayer &
Kradel, 1977

Toxoplasma gondii

F. domestica Sporulated oocysts

10, 1000 or 100,000
sporulated oocysts

Lepus sp.
O. cuniculus

Lepus sp.
O. cuniculus

7 adults þ
9 adults þ
12 adults þ
12 adults þ

Gustafsson et al., 1997;
Dubey, 2010
Sedlák et al., 2000

* Same oocyst culture that was infective to the domestic rabbits.
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Glossary and List of Abbreviations

Acid phosphatase (AcP) One of several acid hydrolases
located in lysosomes and concentrated in the Golgi
apparatus of the cell.

Alkaline phosphatase (AlkP) A broad-specificity enzyme
that hydrolyzes many phosphoric ester compounds with
an optimum activity in the basic pH range.

a-lipoprotein A lipoprotein that transports cholesterol in
the blood; composed of a high proportion of protein and
relatively little cholesterol.

Arborescent Treelike in shape or growth; branching.
Altricial Implies “requiring nourishment;” this refers to

a growth and developmental pattern in organisms inca-
pable of moving around on their own soon after birth.
The term derives from the Latin root alere- ("to nurse or to
nourish"), and refers to the need for young to be fed and
taken care of for a long duration. Specifically, when
referring to rabbits, it means the young are born blind
and furless, in a fur-lined nest (warren), and are totally
dependent upon their mother.

Anlagen An embryonic area capable of forming a struc-
ture: the primordium, germ, or bud.

Anorexia Loss of appetite and inability to eat.
Apical complex Dense ring and cone-like structure at the

anterior end of an apicomplexan parasite (e.g., sporo-
zoite) stage.

Apicomplexa A phylum containing organisms that
possess a certain combination of structures, called an
apical complex, that is distinguishable only by electron
microscopy.

Archaea Any of a group of prokaryotic microorganisms
that resemble bacteria, but are different from them in
certain aspects of their chemical structure, such as the
composition of their cell walls.

Atrophy A wasting away of the body or of an organ or
part, as from defective nutrition or nerve damage.

Autapomorphic In cladistics, a character state uniquely
defining a taxon.

Automorphic Patterned after one’s self.
Azithromycin An antibiotic of the subclass macrolides

used to treat bacterial infections.
Basal bodies A cytoplasmic organelle of animals and some

protists from which cilia or flagella arise.
b-globulin A class of vertebrate plasma proteins.

b-lipoprotein A lipoprotein that transports cholesterol in
the blood; composed of a moderate amount of protein
and a large amount of cholesterol.

Benzamide An off-white solid organic chemical that is
a derivative of benzoic acid, and is used in a wide variety
of compounds, including analgesics, antiemetics, anti-
psychotics, and others.

Benzoic acid A simple aromatic carboxylic acid; its salts
are used as a food preservative and it is an important
precursor for the synthesis of many organic substances,
including phenol and plasticizers. It also inhibits the
growth of mold, yeast, and some bacteria.

Beringia The Bering land bridge, app. 1,600 km north to
south, that joined present day Alaska and eastern Siberia
during the Pleistocene ice ages during the Last Glacial
Maximum (~16,500 years ago).

Bilirubinemia The presence of bilirubin in the blood.
Bradyzoites Small, slowly replicating stage in various

tissue-cyst coccidians (e.g., Toxoplasma, Sarcocystis spp.)
thatdevelop inside the host tissuezoitocyst of that parasite.

Bromsulfophthalein metabolites Bromsulfophthalein is
a dye used in liver function tests. Determining the rate of
removal of the dye from the blood stream gives
a measure of liver function.

Cachectic Characterized by physical wasting with loss of
weight and muscle mass due to disease.

Calvarium Upper part of the cranial cavity containing the
brain; the skull cap.

Carbamilide (urea) The main nitrogen-containing
substance in the urine of mammals. It is widely used in
fertilizers and is an important raw material in the
chemical industry as a component of animal feed to
provide a rather cheap source of nitrogen.

Catarrh Inflammation of a mucous membrane with free
discharge.

cf. Compares to (confers with).
Clade A taxonomic group of organisms classified together

on the basis of homologous features traced to a common
ancestor.

Chromosome painting A technique for resolving complex
abnormalities in the structure of chromosomes which are
impossible or very difficult to detect by standard
histological preparations using bright-field microscopy.
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Chromosomal synapomorphies Traits on chromosomes
shared by two or more taxa and their most recent
common ancestor, whose own ancestor in turn does not
possess the trait.

Conoid Truncated cone of spiral fibrils located within the
polar rings of some Apicomplexa.

Clostridial overgrowth An excessive growth of
Clostridium species, which are soil bacteria that can
enter the body via contaminated food or through
a puncture wound; the result can be a life-threatening
infection.

Coccidiosis Any of a series of specific infectious diseases
caused by epithelial protozoan parasites from the
Coccidia, such as Eimeria and Isospora species.

Commensal Of an animal, plant, fungus, etc., living with,
on, or in another, without injury to either.

Cytomeres Cytoplasmic “regions” each with numerous
nuclei on their periphery; characteristic in the develop-
ment of some microgamonts.

Cytophaneres A radial spine seen in certain muscle cysts
of Sarcocystis species.

Cytostome A part of a cell specialized for phagocytosis,
usually in the form of a microtubule-supported funnel or
groove.

Crepuscular Animals that are primarily active during
twilight times, dawn and/or dusk.

Definitive host Host in which a parasite achieves sexual
maturity.

Desquamation The shedding of epithelial elements,
particularly of the skin, in scales or sheets.

Diclazuril A coccidiostatdan antiprotozoal agent that acts
upon coccidia parasites, it is a benzeneacetonitrile
derivative, the mode of action of which is not precisely
known.

Diphenylmethane An organic compound of methane
where two hydrogen atoms are replaced by two phenyl
groups.

Diphenyl disulfide A colorless crystalline compound that
is one of the most popular organic disulfides used in
organic systhesis.

Doxapram hydrochloride A respiratory stimulant, usually
administered intravenously.

Ectomerogony Multiple fission (asexual reproduction) of
a meront to produce daughter cells (merozoites), at the
surface of the meront or by infolding into the meront.

Edematous Characterized by or pertaining to edema
(swelling).

Electron-dense In electron microscopy, having a density
that prevents electrons from entering.

Endogenous stages Refers to the asexual and sexual stages
of the coccidian life cycle that take place within epithelial
or endothelial cells of the gastrointestinal tract or asso-
ciated organs (e.g., liver, bile ducts).

Endopolyogeny Formation of daughter cells, each sur-
rounded by its own membrane, while still in the mother
cell.

Enzyme-linked immunoabsorbent assay (ELISA) Immu-
nodiagnostic test designed to detect the presence of fixed
antibody through linkage with an enzymatic reaction.

Eosinophilia The formation and accumulation of an
abnormally large number of eosinophils in the blood.

Epidemiology The study of disease; the branch of medi-
cine dealing with the incidence and prevalence of disease
in large populations and with detection of the source and
cause of epidemics of infectious disease.

Epistaxis A nosebleed or hemorrhage from the nose due to
the rupture of small blood vessels.

Eukaryotic organisms Living organisms composed of
eukaryotic cellsdcells with a distinct nucleus and
membrane-bound organelles.

Euryoecious Organisms that can have a broad variety of
ecological living conditions.

Eutherian mammals Those mammals that have a placenta
(e.g., humans), as compared to marsupial mammals (e.g.,
kangaroos) that do not.

Exogenous stages Refers to the oocysts discharged in the
feces from an infected animal.

Extravasation Leaking of blood capillaries resulting in
accumulation of blood in the tissues.

Febrile Pertaining to fever; feverish.
Fibroblasts An immature fiber-producing cell of connec-

tive tissue.
Fomites Inanimate objects capable of carrying infective

propagules (spores, oocysts, etc.) from an infected person
to another person (e.g., clothes, bedding).

Forms A term for the nest of a rabbit, generally referring to
members of the genus Sylvilagus.

g-globulin A group of plasma proteins which have sites of
antibody activity.

Genotype Generally refers to the specific genetic
makeup of a cell, organism or individual. However,
it is used by Cryptosporidium researchers to distin-
guish genetically distinct populations of oocysts for
which there is insufficient information to assign to
species status. This term is used almost exclusively for
Cryptosporidium species that have very small oocysts
with virtually no structural differences between
species.

Glucosophosphate isomerase (GPI) An enzyme that
catalyzes the conversion of glucose-6-phosphate into
fructose 6-phosphate in the second step of glycolysis.

Glutamic oxaloacetic transaminase (GOT) An enzyme
that is normally present in liver and heart cells. It cata-
lyzes the reversible transfer of an a-amino group
between aspartate and glutamate and, as such, is an
important enzyme in amino acid metabolism.
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Glutamic pyruvic transaminase (GPT) An enzyme that
catalyzes the transfer of an amino group from alanine to
a-ketoglutarate, the products of this reversible trans-
amination reaction being pyruvate and glutamate.

Glutamic transaminase Another name for the enzyme
glutamic pyruvic transaminase (GPT).

Gregarine A member of the Apicomplexa phylum that
parasitizes invertebrates, primarily annelids and
arthropods.

Halofuginone lactate A chemical used against parasitic
diseases caused by protozoa, specifically Cryptosporidium
spp.

Heterologous Made up of tissue not normal to the part.
Heterophils A granular leukocyte represented by neutro-

phils in humans, but characterized in other mammals by
granules which have variable sizes and staining
characteristics.

Heteroxenous A parasite life cycle where two or more
hosts are involved; that is, there is a mandatory inter-
mediate host within which biological development of the
parasite must take place for the life cycle to be continued.

Histiocytosis A condition marked by an abnormal
appearance of histiocytes (macrophages) in the blood.

Holarctic Throughout the northern continents of the world
and includes the Palearctic and the Nearctic.

Homoplasy Correspondence in form or structure, owing
to a similar environment.

Hypermotility Increased motility of the gut resulting in
diarrhea.

Hyperperistalsis Excessive rapidity of the passage of food
through the stomach and intestine.

Hyperemia (or hyperemic) Increased blood flow to a body
part resulting in engorgement.

Hypoglycemia A deficiency of glucose concentration in
the blood.

Hypomotility Dimished motility of the gut resulting in
constipation.

Hypoproteinemia A deficiency of protein in the blood.
Icteric Jaundiced.
IFAT Immunofluorescent antibody technique.
Imidazole Colorless, organic solid that is soluble in water.

Its derivatives are important biological building blocks of
many drugs such as antifungals (e.g., nitroimidazole,
which has an imidazole ring).

Intermediate host A host in which a parasite develops to
some extent, but not to sexual maturity.

Intussusception A condition that occurs when a segment
of the intestine is forced by hyperperistalsis to invaginate
into itself in a manner similar to the way a section of
a telescope slides into the next larger section ahead of it.
This can often result in obstruction.

Ionophore antibiotic A drug that increases the perme-
ability of cell membranes to a specific ion.

Karyosome Also called chromocenter, any of several
masses of chromatin in the reticulum of a cell nucleus;
a chromosome.

Koch’s postulates The four conditions/criteria designed to
establish a causal relationship between a parasitic microbe
and a disease. These conditions are: (1) the microbe must
be found in all hosts suffering from the disease; (2) the
microbe must be isolated from the diseased organism in
pure culture; (3) the microbe should cause the same
disease/infection conditions when introduced into
a healthy, non-infected host, generally of the same host
species; and (4) the microbe must be reisolated from the
inoculated, experimental host and be identical in form and
structure to the original causative agent.

Lachrymal Pertaining to tears.
Lactate dehydrogenase (LDH) An enzyme that catalyzes

the interconversion of pyruvate and lactate with
concomitant interconversion of NADH and NAD+.

Lamina propria The moist linings corresponding to the
mucous membranes (mucosa) that line various tubes in
the vertebrate body.

Lasalocid (Avatec) An antibacterial agent and a coccidio-
stat that is produced by strains of the bacterium Strep-

tomyces lasaliensi.

Lerbek Clopidol + methylbenzoate.
Lipidemia/lipemia An elevated concentration of any or all

of the lipids in plasma.
LM Light microscope.
Maduramycin (Cygro) An ionophore coccidiostat that

works primarily on Eimeria spp.
Merogony The process of merozoite formation via asexual

multiple fission.
Merozoite A daughter cell resulting from merogony.
Metrocytes Cells accumulating inside Sarcocystis species’

tissue cyst wall and eventually giving rise to infective
bradyzoites.

Microfilaments Any of the submicroscopic filaments
composed chiefly of actin and found in the cytoplasmic
matrix of almost all cells.

Micronemes Slender, convoluted bodies that join a duct
system with the rhoptries, opening at the tip of a sporo-
zoite or merozoite.

Micropore(s) Opening at the side of a sporozoite, func-
tioning in food uptake.

Microspectrophotometer A microscope and spectropho-
tometer combined.

Microtubule(s) A hollow cylindrical structure in the
cytoplasm of most cells, involved in intracellular shape
and transport.

Molecular clock analysis A technique in molecular
evolution that uses fossil constraints and rates of
molecular change to deduce the time in geological
history when two species or other taxa diverged.
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Monensis (Elancoban) A polyether antibiotic isolated
from Streptomyces cinnamonensis.

Monocytes A mononuclear, phagocytic leukocyte.
Moribund In a dying state; near death; on the verge of

extinction or termination.
Myxosporans ([ Myxozoans) Protozoan parasites of

invertebrates and vertebrates (mostly fish), characterized
by spores of multicellular origin.

Narasin (Monteban) A coccidiostat and antibacterial
agent.

Nearctic All of North America, Greenland, and the high-
lands of Mexico.

Necrosis Morphological changes indicative of cell death
caused by progressive enzymatic degradation.

Neutrophils A granular leukocyte having a nucleus with
three to five lobes connected by threads of chromatin,
and cytoplasm with very fine granules.

Nitraoxanide An antiprotozoal agent.
Nitrofuran(s) A class of drugs with antibiotic or antimi-

crobial activity.
Nitroimidazole An imidazole derivative with a nitro

group that constitutes a class of antibiotics used to
combat anaerobic bacterial and parasitic infections.

Nucleolus A small, dense region visible in the
nucleus of nondividing eukaryotic cells; consists of
rRNA molecules, ribosomal proteins, and loops of
chromatin from which the rRNA molecules are
transcribed.

Omentum A fold of peritoneum extending from the
stomach to adjacent abdominal organs.

Osmophilic (osmiophilic) Having an affinity for solutions
of high osmotic pressure.

Oxaloacetic transaminase Another name for the enzyme
glutamic oxaloacetic transamine (GOT).

Palearctic The largest of Earth’s eight ecozones, including
terrestrial regions of Europe, Asia north of the Hima-
layan foothills, northern Africa, and the northern and
central Arabian Peninsula.

Paraplegia Paralysis of the lower part of the body
including the legs.

Parasitophorous vacuole (PV) Vacuole within a host cell
that contains a parasite.

Paresis Slight or incomplete paralysis.
Paromomycin An aminoglycoside antibiotic, first isolated

from Streptomyces krestomuceticus.
Perforatorium Another name for acrosome, the anterior

prolongation of a spermatozoon that releases egg-
penetrating enzymes.

Per os By mouth.
Phenylarsonic acid An organic derivative of arsenic acid

that is a colorless solid. It is used as a precursor to other
organoarsenic compounds, some of which are used in
animal nutrition.

Pinocytosis Mechanism by which cells ingest extracellular
fluid and its contents.

Plesiomorphic A primitive character trait that is shared
with an ancestral clade.

Polydipsia A non-medical symptom in which an infected
individual displays excessive thirst.

Precocial Pertaining to early development of mental or
physical traits.

Prion A tiny proteinaceous particle, likened to
viruses and viroids, but having no genetic component,
thought to be an infectious agent in bovine spongiform
encephalopathy, Creutzfeldt-Jakob disease, and similar
encephalopathies.

Protist(s) The term currently accepted as the most conve-
nient name for eukaryotic (nucleated) organisms that are
relatively undifferentiated, and not true plants, animals
or fungi.

Purulent Containing or forming pus.
Pyknotic Pertaining to the thickening or degeneration

of a cell in which the nucleus has shrunk in size
and the chromatin condenses to a solid, structureless
mass.

Pyelonephritis Inflammation of the kidney and its pelvis
due to bacterial infection.

Pyruvic transaminase Another name for the enzyme glu-
tamic pyruvic transaminase (GPT).

Reticuloendothelial Pertaining to the reticuloendothelium
or to the reticuloendothelial system (phagocytic cells such
as macrophages).

Retroposon insertions DNA sequences with the capacity
to move about within a genome, inserting site specificity
into host DNA, but without requiring extensive DNA
homology to do so.

Rhoptries Elongated, electron-dense bodies extending
within the polar rings of an apicomplexan.

Rifaximin A semisynthetic antibiotic based on rifamycin.
It is used primarily in the treatment of traveler’s diarrhea
and hepatic encephalopathy.

Robenidine hydrochloride (Cycostat) A drug used as an
aid in the prevention of coccidiosis in chickens caused by
various Eimeria spp.

Rough endoplasmic reticulum An extensive system of
membranes coatedwith ribosomes that is present inmost
eukaryotic cells, dividing the cytoplasm into compart-
ments and channels.

Salinomycine (Sacoxc) An antibacterial and coccidiostat
ionophore therapeutic drug.

SEM Scanning electron microscope.
Septa Dividing walls or partitions.
Scut A short, erect tail in hares, rabbits, and deer.
Semiarboreal Often inhabiting and/or frequenting trees.
Speciose A term describing a group of organisms (order,

class, family, genus) with many species.
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SPF An acronym that refers to specific pathogen-free
animals used in biomedical research.

Sporulation The process of sporocyst formation in oocysts.
Stenoecious Organisms limited in their ability to endure

any variety in their ecological living conditions.
Succinylsulfathiazole A sulfonamide (sulfa) drug.
Sulfadiazine A sulfonamide (sulfa) drug that kills bacteria

that cause infection by stopping the production of folic
acid in the bacterial cell.

Sulfamerazine A sulfonamide (sulfa) drug; also an anti-
bacterial that acts as a competitive inhibitor of dihy-
drofolate, an enzyme involved in folate synthesis.

Sulfamethazine A sulfonamide (sulfa) drug that inhibits
bacterial synthesis of dihydrofolic acid, which ultimately
is required for synthesis of purines in cell growth.

Sulfaquinoxaline Aveterinary medicine that can be given
to cattle and sheep to treat coccidiosis.

Synapomorphy A derived or specialized character (apo-
morphy) shared by two or more groups and which
originated in their last common ancestor.

Syntopic Living together at the same locality.
TEM Transmission electron microscope.
Trabeculae A general term for the supporting or anchoring

strands of connective tissue.
Triazine (not triazene) One of three organic chemicals that

are isomeric with each other. Triazine compounds are
often used as the basis of various herbicides.

Tunica propria A proper coat or layer of a part, as distin-
guished from an investing membrane.

Uremia (uraemia) The retention of excessive by-products
of protein metabolism (urea, etc.) in the blood.

Vicariance (vicariant event) The geographical separation
and isolation of a subpopulation, resulting in the original
population’s differentiation as a new variety or species.
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Arquivos de Biologia (São Paulo) 24, 218e219. *.

Carvalho, J.C.M., 1942. Eimeria neoleporis n. sp. occurring
naturally in the cottontail and transmissible to the tame
rabbit. Iowa State College Journal of Science 16,
409e410. *.

Carvalho, J.C.M., 1943. The coccidia of wild rabbits of Iowa.
I. Taxonomy and host-specificity. Iowa State College
Journal of Science 18, 103e135. *.

Carvalho, J.C.M., 1944. The coccidia of wild rabbits of
Iowa. II. Experimental studies with Eimeria neoleporis

Carvalho, 1942. Iowa State College Journal of Science
18, 177e189. *.

Casemore, D.P., 1990. Epidemiological aspects of human
cryptosporidiosis. Epidemiology and Infection 104,
1e28. *.

Casemore, D.P., 1991. The epidemiology of human crypto-
sporidiosis and the water route of infection. Water
Science Technology 24, 157e164. *.

Casemore, D.P., Wright, S.E., Coop, R.L., 1997. Cryptospor-
idiosisdHuman and animal epidemiology. In: Fayer, R.
(Ed.), Cryptosporidium and Cryptosporidiosis. CRC
Press, Boca Raton, Florida, pp. 65e92. *.

Catchpole, J., Norton, C.C., 1975. Coccidiosis in rabbits:
Experimental infection with Eimeria intestinalis. Journal
of Protozoology 22, 49A (abstract). *.

Catchpole, J., Norton, C.C., 1979. The species of Eimeria in
rabbits for meat production in Britain. Parasitology 79,
249e257. *.
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schizogonie en cultures cellulaires d’ Eimeria stiedai

(Lindemann 1865) Kisskalt et Hartmann 1907 (Internal
development of schizogony in cell culture of Eimeria
stiedai [Lindemann 1865] Kisskalt and Hartmann 1907).
Comptes Rendus de l’Academie des Sciences (Paris) 279,
911e913. * (in French).

Coudert, P., Provôt, F., 1988. Lasalocid: Tolerance for the
rabbit and activity against E. flavescens and E. intestinalis.

In: Proceedings 4th World Rabbit Congress, October
10e14, 1988. Hungary, Budapest, pp. 418e427. *.
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Frölich, K., Wisser, J., Schmüser, H., Fehlberg, U.,
Neubauer, H., Grunow, R., Nikolaou, K., Priemer, J.,
Thiede, S., Streich, W.J., Speck, S., 2003. Epizootiologic
and ecological investigations of European brown hares
(Lepus europaeus) in selected populations from Schles-
wig-Holstein, Germany. Journal of Wildlife Diseases 39,
751e761. *.

Gardner, S.L., Duszynski, D.W., 1990. Polymorphism of
eimerian oocysts can be a problem in naturally infected
hosts: an example from subterranean rodents in Bolivia.
Journal of Parasitology 76, 805e811. *.

Gardner, S.L., Seggerman, N.A., Batsaikhan, N.,
Ganzorig, S., Tinnin, D.S., Duszynski, D.W., 2009.
Coccidia (Apicomplexa: Eimeriidae) from the lago-
morph Lepus tolai in Mongolia. Journal of Parasitology
95, 1451e1454. *.

Garwig, J.G., Kuenzli, H., Boehnke, M., 1998. Experimental
ocular toxoplasmosis in naı̈ve and primed rabbits.
Ophthalmologica 212, 136e141. *.

Gill, B.S., Ray, H.N., 1960. The coccidia of domestic rabbit
and the common field hare of India. Proceedings of the
Zoological Society of Calcutta 13, 129e143. *.

Glaberman, S., Sulaiman, I.M., Bern, C., Limor, J.,
Peng, M.M., Morgan, U., Gilman, R., Lal, A.A., Xiao, L.,
2001. A multilocus genotypic analysis of Cryptosporidium
meleagridis. Journal of Eukaryotic Microbiology 2001
(Suppl.), 19Se22S. *.

Glebezdin, V.S., 1978. About the coccidia fauna of wild
mammals of southwestern Turkmenistan. Academy of
Sciences of Turkmenistan. SSR Biology Series 3, 71e78. *
(in Russian).

Godfray, H.C.J., Knapp, S., 2004. Taxonomy for the twenty-
first centurydIntroduction. Philosophical Transactions
of the Royal Society of London B 359, 559e569. *.

Golemanski, V., 1975. On the coccidia (Sporozoa, Eimer-
iidae) of the European hare (Lepus europaeus L.) in
Bulgaria. Acta Zoologica Bulgarica 3, 39e47. * (in
Bulgarian).

Golo�sin, R., Te�si�c, D., 1963. (Coccidiostatic drugs for the
prevention of coccidiosis in hares in transit. I.). Jugo-
slovenski Veterinarski Glasnik 17, 821e824. * (in
Croatian).

Golo�sin, R., Te�si�c, D., Terzi�c, L., 1963. (Coccidiostatic drugs
for the treatment of coccidiosis in hares in transit. II.).
Jugoslovenski Veterinarski Glasnik 17, 851e856. * (in
Croatian).

Gomez-Bautista, M., Rojo-Vazquez, F.A., Alunda, J.M., 1987.
The effect of the host’s age on the pathology of Eimeria

stiedai infection in rabbits. Veterinary Parasitology 24,
47e57. *.

Gonzalez-Redondo, Finzi, P.A., Negretti, P., Micci, M., 2008.
Incidence of coccidiosis in different rabbit keeping
systems. Arquivo Brasileiro de Medicina Veterinária e
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coccidiose du lièvre en France. Recueil de Médecine
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Parasitologia 36, 131e134. *.

LITERATURE CITED (*) AND RELATED REFERENCES326



Rommel, M., Schwerdifeger, A., Blewaska, S., 1981. The
Sarcocystis muris-infection as a model for research on the
chemotherapy of acute sarcocystosis of domestic
animals. Zentralblatt für Bakteriologie, Parasitenkunde,
lnfektionskrankheiten und Hygiene. Erste Abteilung
Originale A 250, 268e276. *.

Rose, K.D., DeLeon, V.B., Missiaen, P., Rana, R.S., Sahni, A.,
Singh, L., Smith, T., 2008. Early Eocene lagomorph
(Mammalia) from western India and the early diversi-
fication of Lagomorpha. Proceedings of the Royal
Society B 275, 1203e1208. *.

Rose, M.E., 1958. The life cycle and development of Eimeria

stiedai (Lindemann, 1865). Ph.D. Thesis, University of
Cambridge. *.

Rose, M.E., Millard Jr., B.J., 1985. Host specificity in eimer-
ian coccidia: Development of Eimeria vermiformis of the
mouse, Mus musculus in Rattus norvegicus. Parasitology
90, 557e563. *.

Rossignol, J.F., Ayoub, A., Ayers, M.S., 2001. Treatment of
diarrhea caused by Cryptosporidium parvum: a prospec-
tive randomized, double-blind, placebo-controlled study
of Nitazoxanide. Journal of Infectious Disease 184,
103e106. *.

Rougeot, J., 1981. Origine et histoire du Lapin. Ethno-
zootechnie 27, 1e9. *.

Rutherford, R.L., 1943. The life-cycle of four intestinal
coccidia of the domestic rabbit. Journal of Parasitology
29, 10e32. *.

Ryan, M.J., Sundberg, J.P., Sauerschell, R.J., Todd, K.S.,
1986. Cryptosporidium in a wild cottontail rabbit
(Sylvilagus floridanus). Journal of Wildlife Diseases 22,
267. *.

Ryan, U., Xiao, L., Read, C., Zhou, L., Lal, A.A., Pavlasek, I.,
2003. Identification of novel Cryptosporidium genotypes
from the Czech Republic. Applied Environmental
Microbiology 69, 4302e4307. *.

Ryff, K.L., Bergstrom, R.C., 1975. Bovine coccidia in Amer-
ican bison. Journal of Wildlife Diseases 11, 412e414. *.

Ryley, J.F., Robinson, T.E., 1976. Life-cycle studies with
Eimeria magna Pérard, 1925. Zeitschrift für Para-
sitenkunde 50, 257e275. *.
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(Oryctolagus cuniculus) em Umberlândia, Minas Gerais.
Arquivo Brasileiro de Medicina Veterinaria e Zootecnia
42, 529e536. *.

Sanyal, P.K., Srivastava, C.P., 1988. Clinico pathological
studies in experimental Eimeria media infection in
domestic rabbit (Oryctolagus cuniculus). Indian Journal of
Animal Research 22, 107e110. *.

Sanyal, P.K., Sharma, S.C., 1990. Clinicopathology of hepatic
coccidiosis in rabbits. Indian Journal of Animal Science
60, 924e928. *.

Schipani, V., 2011. Notebook: Character flaws? The Scientist
25, 20e22. *.

Schneider, A., 1875. Contributions l’histoire des gregarines
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