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ABSTRACT
Taxonomy includes collection, identification, naming and ordering of specimens into a
system of words consistent with any kind of relationships among them, the study of
literatures and analysis of variations shown by the specimens and finally the publication
of data. Practical reasons for the degree of stability-even for a relatively short period of
time are: for teaching purposes at advanced levels and for the benefit of many nonprotozoolists. The eimeriid coccidia are one of the more controversial groups of protozoa.
The problems of describing different species within family Eimeriidae Minchin, 1903 are
due to their abnormal phenotypic and phylogenetic characters, occurrence in abnormal
hosts with different lifecycle patterns. The basis of classification of the genera under this
family includes the Phenotypic and Phylogenetic characters and the lifecycle of parasites
and data of their hosts. I have updated the information of classification system given by
the Society of Protozoologists (Lee JJ, Hutner SH, Bovee EC and Upton J, 2001. The
Illustrated Guide to the Protozoa, 2nd Edition. Allen Press, Lawrence, KS) and online
materials by Duszynski DW, Couch L and Upton SJ, Supported by NSF-PEET DEB
9521687. In this review, I have focused on seventeen true species and seven
pseudospecies with the information of their synonyms, oocyst formula, generic
characters, and total number of named species, type species and type host.
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INTRODUCTION
Taxonomy, a synthetic science, is the mother of biological sciences that guides the
generalists and specialists in academic and applied field. It includes collection,
identification, naming and ordering of specimens into a system of words consistent with
any kind of relationships among them, the study of literatures and analysis of variations
shown by the specimens and finally the publication of data. It is the natural philosophical
science that requires as much wisdom and intelligence as any other fields of biology. It
advances through the three phases: alpha or analytical phase, beta or synthetic phase and
gamma or biological phase trained by trial and error and is slow and steady, but without
any intelligent discoveries.
Any classification, published or unpublished, should be a suggestion rather than a dogma.
It is liable to be modified by any specialist or competent teacher, but he must give his

International Journal of Life Sciences

26

doi : 10.3126/ijls.v4i0.3285

http://ijolsci.org/content/2010/4/26-47.pdf

reasons for the changes he introduces. Taxonomy has two purposes: to summarize ideas
concerning the natural relationships of organism and to provide a tool for use in academic
and applied field. For the latter purpose, the non-taxonomist, such as me, requires clarity,
universality and stability. Practical reasons for the degree of stability-even for a relatively
short period of time are: for teaching purposes at advanced levels and for the benefit of
many non-protozoologists (biochemists, physiologists, computational biologists,
bioinformatists, and bioengineers).
In this paper, I have highlighted the species description procedures, problems of
taxonomy, basis of classification, examples and discussion of genera included in the
eimeriidae family till now. A stable classification of the eimeriidae, which comprise
many important parasites of humans and animals, at the basic level is urgently needed.
So, I have updated the current taxonomic knowledge described by the Society of
Protozoologists (Lee JJ, Hutner SH, Bovee EC and Upton J, 2001. The Illustrated Guide
to the Protozoa, 2nd Edition. Allen Press, Lawrence, KS) and online materials by
Duszynski DW, Couch L and Upton SJ, Supported by NSF-PEET DEB 9521687.
Problems of Taxonomy of Eimeriidae Minchin, 1903
The first major reclassification was undertaken by an ‘International Taxonomy and
Taxonomic Problems’ which was set up by the Society of Protozoologists in 1954 and
published a revised classification of the phylum Protozoa based on phenotypic characters
10 years later (Honigberg et al. 1964). But this classification system included only few
ultrastructural data, which became available after the advent of electron microscopy in
the 1950s and 1960s, and was thus confounded by incomplete knowledge on
heteroxenous lifecycle such as those of the tissue cyst-forming coccidia that were
elucidated only in the 1970s (Tenter and Johnson 1997). Since the conventional
classification proposed by the Society of Protozoologists (Levine et al. 1980), there have
been many changes to our understanding of relatedness among phylogenetic lineages of
coccidia. Many traditional genera are no longer valid and have been abandoned. The
eimeriid coccidia are one of the more controversial groups of protozoa, and their
taxonomy and classification have been debated for more than 50 years (Cox 1991, 1994;
Tenter and Johnson 1997).
A) Problems due to phenotypic characters
Levine (1962), in his article, showed the calculation of about 2654736 structurally
different sporulated oocysts (and hence structurally different species) in the Eimeria
alone, in reality it doesn’t work that way. He hypothesized this calculation on the basis of
oocyst and sporocyst size and shape, the number of layers in the oocyst wall, its color,
degree of roughness, the absence or presence and type of micropyle, micropylar cap,
oocyst residuum, sporocyst residuum, persistent polar granule, Stieda body, sporozoite
refractile globules, and other factors (Levine 1962). In some cases, oocysts from
unrelated host species look very nearly identical in size and structure and can’t be reliably
differentiated by morphology and size alone (Joyner 1982). A single coccidian species
may produce oocysts that vary greatly in size (40%) and appearance (Parker and
Duszynski 1986; Gardener and Duszynski 1990). Within the protozoan phylum
Apicomplexa Levine, 1970, about one-third of the approximately 5,000 described species
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reside in a single family, Eimeriidae, an about 98% of these species are known only from
1 life-cycle stage, the sporulated oocyst, which has a limited number of structural
characters. When a group of parasites have few numbers of morphological
characteristics, it is always very hard to taxonomize the species. So, it is not easy to
define a particular species within Eimeriidae. For example, the thick-walled oocysts of
Cryptosporidium parvum bear similarities with oocysts of the cyst-forming coccidia
(Cystoisospora, Toxoplasma, and Sarcocystis) and with oocysts of the genus Goussia
(Beĭer et al. 2001). The joining of Alveocystis intestinalis and Pfeifferinella gugleri into
one genus based on a similarity of their oocyst structure is incorrect (Kostygov 2000).
This conclusion is also supported by the long evolutionary and ecological distances
between hosts of these species. Similarly, Tadros and Laarman (1976) proposed ‘giant
schizonts’ of Eimeria species for the parasitophorous vacuole and tissue cyst wall of
Globidium. Thus, Lom and Arthur’s view of myxosporean classification (1989),
“ridicules taxonomic research in this group in the eyes of other parasitologists” can be
applied for the taxonomy of species within Eimeriidae.
B) Problems due to pseudoparasitism
Most species of coccidia possess a resistant oocyst or sporocyst wall so that they are able
to migrate in the intestinal tract of non-host species. In literatures, we can find many
descriptions of the occurrence of coccidia in non-specific animals transmitted mostly by
feeding behavior of the animals. So, before giving a description of a coccidian species,
the significance of psueodoparasitism is always within ‘Taxonomic Common Sense’.
Taxonomists should consider the common sense of psueodparasitism within cocidia
because it has been reported that most of the genera fall into either pseudoparasitism or
into wrongly classified genera. The literature reviews studies show that seven of the
genera within the family Eimeriidae appear to represent adelid coccidia ingested either by
insectivores, herbivores, or scavengers. The genera Gousseffia, Hoarella, Octosporella,
Polysporella, Skrjabinella, Sivatoshella, and Pythonella (figure 1) may be the true
pseudoparasites with uncertain validity and may show different sporulation states in their
morphologic forms.
Pseudoparasitism is important during parasite transmission. For example, a few species
of Isospora have been shown to use paratenic (transport) hosts (Frenkel and Dubey
1972), and extraintestinal stages have been shown experimentally to be able to
transfer/transmit a successful infection in some mammalian Eimeria species (Mayberry et
al. 1989; Mottalei et al. 1992). Sporozoites excyst from oocysts ingested by these
paratenic hosts, infect cells in various places within the body, and become dormant. If the
infected host is eaten by the appropriate predator, these dormant sporozoites become
active, infect enterocytes of the predator, and initiate a typical coccidian lifecycle.
Besides, some species of coccidia can develop aberrantly under conditions of abnormal
temperature or oxygen concentration. Under these changed conditions, a non-heritable
change occurs in the numbers of sporocysts and sporozoites without any effect on their
morphology and function (Cerna 1974; Lindsay et al. 1982; Matsui et al. 1989).
Eimeria spp of rodents or rabbits are frequently seen in the feces and intestinal contents
of predators such as snakes, raptors, felids, or canids. Canine such as hunting dogs have
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been reported to shed oocysts of Eimeria in their feces, but their oocysts are not reported
to infect these animals. The dogs may acquire the infection by feeding on lagomorphs
which may be the sources of the oocyts. Similarly, the sporulated oocysts of the squirrel
coccidian, Eimeria mira, are reported as pseudoparasites in the intestinal contents of an
English bog person; Grauballe Man (Hill et al. 1990). Cyclosporan oocysts of similar
morphologic forms have been isolated from humans, monkeys, dogs, and ducks from
different regions (Ghimire and Sherchand 2006). Isosporan oocysts of passeriform birds
are commonly found in herbivores, scavengers, and waterfowl that accidentally or
naturally ingest the oocysts of these parasites. Fish coccidia are found in fish eating birds
and snakes, invertebrate adelids are found in insectivorous hosts and Pfeifferinella spp. of
terrestrial or freshwater gastropods are occasionally found in turtles and waterfowl. The
problem how a species give cumbersome classification can be described on the basis of
Isospora genus too. Isospora rara is the only one species of Isospora described in an
invertebrate (Levine 1988b). Schneider (1881) has not clearly described the sources and
infection of Isospora genus in gastropod. So, it may be possible that this species may be
categorized under a pseuodoparasite. And we are using the invalid and conventional
species of Isospora as type species of the genus for more than 129 years.

Figure 1: A line drawing of a mature oocyst
of Pythonella scleruri with 16 sporocysts
each with 4 sporozoites. It is a
pseudoparasite with various sporulation
states. (After Kawazoe and Gouvêa 1999.)

C) Problems due to hosts
Besides the presence of oocysts in
unusual hosts, coccidiologists face the
problem of strict host specificity. For
example, ground squirrels are infected
with coccidia that are not always
strictly host-specific (Duszynski 1986;
Wilber et al. 1998). Many species
occur naturally over large geographic
ranges (Eimeria nieschulzi, Eimeria arizonensis), especially when hosts (Rattus) are
introduced from continent to continent through human activities or when individuals in a
spacious host genus (Peromyscus) have contiguous ranges across a continent.
The study of the degree of host specificity seems to vary among host species. For
examples, Eimeria species from goats cannot be transmitted to sheep and vice versa
(Lindsay and Todd 1993), but Eimeria from cattle (Bos) are found to infect American
bison (Bison). Eimeria species from certain rodents (Sciuridae) seem to cross host
generic boundaries easily (Wilber et al. 1998), while other rodent species (Muridae) may
cross species, but not genus, boundaries (Hnida and Duszynski 1999a). Similarly, some
species from gallinaceous birds can be transmitted only to congenerics, while others can
be cross-transmitted between genera. One species (Eimeria chinchilla) even has been
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reported to cross familial lines rarely (DeVos 1970). The comparative literature reviews
published in pubmed till date suggests the variability of parameters such as host and site
specificity, immunological specificity, epidemiological specificity (pathogenicity,
prepatent period, sporulation time) and moleular characters (enzyme variation and DNA
buoyant density) among different Eimeria species used in the Eimeria identification.
D) Problems due to lifecycle patterns
Eimeriids are organ-specific in different hosts. They are found in a variety of locations in
the invertebrate hosts, whereas most species infecting vertebrates develop in the intestine.
Eimeria steidai develops in epithelial cells of the bile duct and parenchymal cells of the
liver of rabbits. Other species have been found to develop in cells of the gall bladder
(goat), placenta (hippopotamus), epididymis (elk, a deer species), uterus (impala, an
African antelope, Aepyceros), genitalia of both sexes (hamsters, rodents), bile duct
(chamois, high altitude goat), liver parenchyma (wallaby, macropod, a marsupial), and
pyloric antrum (kangaroo) (Duszynski and Upton 2001).
The analysis of the genera found in different hosts show that the lifecycle stage and
lifecycle patterns create a cumbersome system in coccidian taxonomy. For example, the
genus Atoxoplasma Garnham 1950 seems to be a combined species of an avian
isosoporan Box (1970, 1975, 1977, 1981) and avian lankesterellids, the former of which
has at least one extraintestinal merogonous stage in mononuclear cells, lung, and or other
visceral tissues and gametocytes are of the Eimeria type: the zygote nucleus divides to
produce an asporous and polyzoic oocyst containing a large number of sporozoites
(Lainson 1959). Some experiments show that the species of Atoxoplasma from birds have
been transferred to Isospora (Barta et al. 2005; Schrenzel et al. 2005). So, some
members belong in the family Eimeriidae, whereas others belong in the family
Lankesterellidae. Cranes infected with Eimeria reichenowi Yakimoff and Marschoulsky
1935, some of the ruminants eimerians (Ball et al. 1989) and Lankesterella garnhami
Latinson, 1959 (Atoxoplasma) have extraintestinal merogony and gamogony (Carpenter
et al. 1980; Novilla et al. 1981, 1989) which prove that Atoxoplasma spp fall under
Eimeriidae. However, Atoxoplasma infections in passeriforms birds have been shown to
differ from those of isosporan oocysts with the transmission of Atoxoplasma by an
infected mite vector (Dermanyssus gallinae) (Lainson 1959, 1960).
E) Problems due to phylogenetic characters
There are many limitations of the basis of phylogenetic characters to confirm species
within Eimeriidae. The phenotypic characters currently used for the classification of
eimeriidae are limited in their phylogenetic information content. It also suggests the
incomplete taxonomic status of most species within Eimeriidae. On the basis of rRNA
gene of Cyclospora cayetanensis, Cyclospora should be placed in the geneus Eimeria
because the rRNA genes of the two genera have similar sequences (Pieniazek and
Herwaldt 1997). Similarly, classification based on 18S rDNA suggests that Isospora spp
are more related with family Sarcocystidae (with Toxoplasma, Sarcocystis and Neospora)
than to the family Eimeriidae (Eimeria, Cyclospora) (Carreno et al. 1998). The
phylogenetic studies are suffering from the lack of fossil records and bridge or
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connecting links of coccidia. Thus, the only way of studying phylogenetic assay is by
comparing the homologous characters of the existing species.
Basis of Classification
A. Phenotypic Characters of Parasites
Phenotypic characters are the common and conventional basis of classification. Here, I
have described the rules of ‘Head-to-Tail’ system. In this system, we can apply all the
available information of morphology of all the stages of the species [Figure 2, 3, 4]. I
have described some phenotypic characters used for the classification of family
eimeriidae [Table 1].
Table 1: Phenotypic characters to be studied for the definition of eimeriidae species.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Presence or absence of Oocyst and if present; its thin or thick wall
Relative numbers of layers and approximate thickness of oocyst wall
Spines or conical projections in oocysts
Shape, size and length: width (L:W) of sporulated and unsporulated oocysts
Number of sporocysts
Morphology of sporocyst wall
Shape, size and length: width (L:W) of sporocysts
Presence of Micropyle and its width in sporulated oocyst
Presence of Micropyle cap and its width and depth in sporulated oocyst
Presence of Polar granule(s) in sporulated oocyst, its/their diameter, shape or if they are attached
in a unique manner to the inner surface of the oocyst wall
Presence of Residual body in sporulated oocyst, its diameter and description
Presence of surface features such as sporopodia, adhering membranes or sutures, residuum and
its diameter and description, Stieda body and associated filaments; Substieda body; and or
Parastieda body in or on the sporocyst.
Number of sporozoites
Shape and size of sporozoites
Presence of refractile body, its number, position, diameter, shape, nucleus and other defining
features such as anterior striations if visible in/on the sporozoites
Location of rhoptries with regard to nucleus
Location of micronemes with regard to nucleus and their number
Duration of sporulation
Favorable condition of sporulation (such as temperature, sunlight, humidity, pH etc.
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Figure 2: Coccidian
merozoite:
diagrammatic
representation of the
ultrastructure as seen
in longitudinal
section. [After
Scholtyseck 1979].

Figure 3: Composite sporulated
sporocyst of an oocyst of Eimeria
species (Hypothetical). [After
Duszynski and Wilber 1997].
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Figure 4: Composite sporulated sporocyst
of some eimeriidae (hypothetical). [After
Duszynski and Wilber 1997].

B. The host: Why parasitology is quite different from other sciences? That is because
parasitologists who study parasites should collect and have a well-known to parasites,
and the hosts directly or indirectly related to them. So, a true coccidiologist who wants to
be a perfect taxonomist should have enough knowledge related to the particular species
and the complete taxonomic status of their hosts. The coccdiologists have to study about
some of information about the hosts for the classification of eimeriidae species as shown
in the table [Table 2].
Table 2: The information of hosts and the informant to be studied for Eimeriidae classification.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Host Specificity
Intermediate, paratenic (transport) and definitive host
New and complete taxonomic position of host (s)
Host lifecycle stage infected (larva, juvenile, adult)
Locality, date and other relevant data of infected host
Prevalence of infection by locality and by season
Ecological, habitat and host genetic data
Name of the coccidiologist
Geologic age and stratiographic position for fossil species of both parasites and hosts.
Infected cells, tissues, organs
Pathogenicity and histopathological observations
Prepatent, Patent and Incubation period
Routes of transmission
Oocyst infective for definitive and or intermediate host
Epidemiologic information

On the basis of presence of host, Grasseella and Pseudoklossia should be in different
genera. Oocysts with no sporocysts but 8 naked sporozoites have either been placed in
the genera Alveocystis Bel’tenev 1980 or Pfeifferinella von Wasielewski 1904. The
former genus is found in priapulids whereas the latter is in terrestrial and freshwater
gastropods. The latter species were placed in its own family, Pfeifferinellidae Grasse
1953, as it was thought that fertilization was through a vaginal tube associated with the
macrogamete. The vaginal tube most likely represents an elongate modification of the
micropyle that occurs in some species after fertilization and during early sporulation.
They are morphologically and developmentally similar though Levine (1985a) separated
the genus Pfeifferinella from Alveocystis based on the presence or absence of the vaginal
tube. Thus, each genus may denote either synonyms or morphotypes proving the need of
the host specificity for classification of different genera within family Eimeriidae.
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Besides the study of morphologic characters, Levine (1980b) created a new genus Dorisa
Levine 1980, for those Dorisiella species that occurred inside vertebrates.
C. Lifecycle
The points given in the table 3 should be considered for the classification of different
species within family Eimeriidae, Minchin 1903.
Table 3: Information about the lifecycle of Eimeriidae to be studied for classification.
1.
2.
3.
4.
5.
6.

Homoxenous or heteroxenous type of lifecycle
Intestinal or extraintestinal merogony or agametogony (structure of merozoites)
Intestinal or extraintestinal gamogony (structure of microgametes, macrogametes)
Location of zygote, its structure
Endogenous or exogenous sporogony
Extraintestinal hypnozoites

A typical Eimeriidae comprise members with a typical coccidian lifecycle consisting of
three phases: one or more generations of asexual multiplication by merogony or
agametogony, sexual reproduction by gamogony, and asexual reproduction by
sporogony. The lifecycle begins with the ingestion of a sporulated oocyst. Sporozoites
excyst and penetrate intestinal epithelial cells where they form meronts containing
merozoites. The final generation of merozoites infects new cells to become gamonts.
Most gamonts become macrogametes, whereas some undergo multiple karyokiness
followed by multiple cytokinesis to form numerous flagellated microgametes. Gamogony
in these coccidia are characterized by the independent development of macrogametes
(female) and microgametes (male), with the latter being motile and often produced in
large numbers. After fertilization, a resistant oocyst wall is laid down around the zygote.
The genetically determined sporozoites are normally enclosed in sporocysts within
oocysts. The development of sporozoites within each sporocyst and each oocyst
(sporualtion) may occur endogenously or exogenously and the resulting oocysts of most
species are passed into the outer environment (Long 1982, 1990, 1993; Lindsay and Todd
1993). The exogenous sporulation is determined by the appropriate environmental
conditions such as oxygen, moisture, temperature (Levine 1980a,b; Levine 1985b, 1988a,
b; Kreier and Baker 1987; Cox 1994; Hausmann and Hulsmann 1996; Lee et al. 2001). It
should be noted that unsporulated oocysts are undeveloped and non-infective.
Several genera (Grasseella, Ovivora, and Pseudoklossia) that were included previously in
the family Aggregatidae Labbe 1899 have been now transferred to the family eimeriidae
Minchin 1903 on the basis of their homoxenous lifecycle pattern because species of both
families are morphologically similar and the only parameter of their difference is
homoxenous or heteroxenous lifecycle characteristics.
The basis for family Caryotrophidae originally was the lack of definite oocyst walls;
however, all species within the Lankesterellidae, many species within the family
Aggregatidae, and subfamily Sarcosytinae Poche 1913 and even a few species within the
Eimeriidae have so thin membranous oocyst walls that free sporocysts or sporozoites are
released and walls disappear during sporulation. Besides, merogony, gamogony and
formation of oocysts of Caryospora occurs in the intestinal tract of the predator; however
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a facultatively homoxenous cycle in rodents is known for two of the serpentine species
and involves dissemination of merogony, gamogony and formation of thin-walled oocyst
in extraintestinal tissues. Sporozoites exit from the oocysts in situ, infect new cells, and
become dormant in mononuclear cells as monozoic cysts (hypnozoites) (Ball et al 1989;
Lainson et al. 1991; Upton and Sundermann 1990). So, the two monotypic genera within
the homoxenous family Caryotrophidae Luhe 1908, Caryotropha Siedlecki 1902 and
Dorisiella Ray 1930 are placed within the Eimeriidae. I have illustrated the lifecycle of
typical coccidia in the figure 5 on the basis of Hoare 1949.
Figure 5: Lifecycle of a
coccidian, based on Eimeria sp.
(After Hoare 1949). 1: a
sporozoite invading mucosa. 2,
3, 4, 5: multiplication of
sporozoite and development of
merozoite
inside
intestinal
epithelium from meront in 4. 6:
released male gametocyte 7:
released female gametocyte. 8:
extraintestinal merogony. 9:
Extraintestinal organ or tissue.
10: repetition of intestinal
merogony. Infection of intestinal
epithelium by male and female
gametocytes in 11 and 12 to
form male gametes and female
gamete respectively. 13: female
gamete and 14: male gametes
releasing from epithelium for
fertilization. 15, 16: multiple
fertilization. 17: oocyst released
into gut lumen. 18, 19:
formation of sporozoites and
sporocysts inside oocyst. 20, 21:
sporozoite
releasing
out
sporocyst
and
oocyst
in
duodenum.

D. Phylogenetic Characters
Conventional taxonomy was based on light microscopic structures and lifecycle patterns
to separate different genera within protozoa. Apicomplexan displays enormous variations
in lifecycle patterns, physiology, cytology, biochemistry. Prototaxonomists have different
views regarding the basis of phylogenetic relationships among eimeriidae genera with the
same numbers of sporozoites and sporocysts. One can not get genetic relationship with
using qualitative phenotypic characters because the latter lacks the quantitative
characters. To get quantitative phylogenetic characters, taxonomists should compare the
sequence similarities of proteins, enzymes or genes. These genetic studies are mostly
based on the small subunit 18S rRNA gene sequences and their coding regions (Barta
1997, Barta et al. 2001; Jeffries et al. 1997; Morrison and Ellis 1997; Pieniazek and
Herwaldt 1997; Tenter and Johnson 1997; Carreno et al. 1998, 1999; Votypka et al. 1998;
Carreno and Barta 1999; Eberhard et al. 1999; Holmdahl et al. 1999; Jenkins et al. 1999;
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Lopez et al. 1999; Ellis et al. 2000). More recently, a few studies have used sequences of
the nuclear 28S rRNA gene, the internal transcribed spacer (ITS) 1 region, or nuclear
sequences of mitochondria or plastid to infer relationships among closely related species
of eimeriidae, i.e. within the genus Eimeria and the group of the tissue cyst-forming
coccidia (Ellis et al. 1999, 2000; Hnida and Duszynski 1999b; Mugridge et al. 1999a,b;
Zhao and Duszynski 2001a,b; Zhao et al. 2001; Carreno et al. 1999; Barta et al. 2001;
Criado-Fornelio et al. 2003, 2004). Molecular characters clearly present the range of
evolutionarily preserved characters that may be used to infer phylogenetic relationships
among different organisms (Sogin and Silberman 1998). These characters can be both
homologous as well as variable sufficiently that help to differentiate unique character
states for analysis (Barta 1997).
One can ‘google’ the web data to search literatures that show how phylogenetic study
overcomes the limitations of phenotypic characters. For example, Eimeria leukarti
Reichenow 1940 from horses and E. cameli Reichenow 1952 from dromedaries have
been proved to be the most prominent example of morphotypes. Recent molecular
genetic studies on rodent and bat Eimeria species revealed that some morphologic
features (such as oocysts residuum) show a clear correlation to the phylogenetic
relationships (Zhao and Duszynski 2001a, b).
Genera of family Eimeriidae Minchin, 1903
Eimeriidae are the homoxenous, occasionally facultatively heteroxenous. But if they are
facultatively heteroxenous, alternate mode of transmission by way of dormant free
merozoites or monozoic cysts (hypnozoites) is found in a prey species either to infect a
new definitive host (Frenkel and Dubey 1972; Dubey 1975; Dubey and Mehlhom 1978)
or to establish infections in the same host, presumably following arrested development or
a wane in immunity (Dubey and Frenkel 1972; Marquardt et al. 1984; Mayberry et al.
1989). The following genera can be described under this family:
1. Genus Atoxoplasma senso latu Garnham 1950
Synonyms: Drepanidium Lankester, 1871, pro parte; Haemogregarina Danilewsky 1885, pro parte;
Lankesterella Labbe, 1899, pro parte; Hepatozoon Miller, 1908, pro parte; Leukocytogregarina Porter,
1909, pro parte; Toxoplasma Nicolle and Manceaux, 1909, pro parte.
Oocyst formula: O.2.4
Characters: Oocyst with 2 sporocysts, each sporocyst with 4 sporozoites; merogony, gamogony and
formation of oocysts intestinal, additional merogonous stages extraintestinal and disseminated in
mononuclear leukocytes and or viscera; in passeriform birds and related hosts.
Total number of named species: Nineteen
Type species: Atoxoplasma paddae (Aragao 1911) Laird 1959.
Type host: Padda oryzivora Linnaeus 1758 (Aves: Passeriformes: Estrildidae).
2. Genus Barroussia Schneider 1885
Synonyms: Eimeria Schneider, 1875 pro parte; Echinospora Leger 1897; Urobarrouxia Mesnil 1903;
Barrouxia Schellack & Reichenow 1921.
Oocyst formula: O.n.1.
Characters: Oocyst with many sporocysts, each sporocyst with one sporozoite, sporocysts bivalved; in
invertebrates.
Total number of named species: 10.
Type species: Barroussia ornata Schneider 1885.
Type Host: Nepa rubra (=Nepa cinerea) (Arthropoda: Hemiptera: Nepidae).
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3. Genus: Caryospora Leger 1904
Synonyms: Karyospora Leger 1904, lapsus; Eumonospora Allen 1933.
Oocyst formula: O.1.8
Characters: Oocyst with 1 sporocyst, each sporocyst with 8 sporozoites; in vertebrates, predominantly in
snakes and raptors.
Total number of named species: 60.
Type species: Caryospora simplex Leger 1904.
Type host: Vipera aspis (Reptilia: Squamata: Viperidae).
4. Genus: Caryotropha Siedlecki 1902
Oocyst formula: O.20.12
Characters: Oocyst with 20 sporocysts each sporocyst with 12 sporozoites; Oocyst wall thin, membranelike; in polychaetes.
Total number of named species: 1.
Type species: Caryotropha mesnili Siedlecki 1902.
Type host: Polymnia nebulosa (Annelida: Polychaeta: Canalipalpata: Spionidae).
5. Genus: Cyclospora Schneider 1881
Oocyst formula: O.2.2
Characters: Oocyst with 2 sporocysts, each sporocyst with 2 sporozoites; human predominant parasites.
Total number of named species: 15, predominantly in mammals including humans; most of the species
reported from the non-mammalian (reptilian) hosts probably misidentifications of Isospora or Sarcocystis
or pseudoparasites. Several in primates may be synonyms.
Type species: Cyclospora glomericola Schneider 1881.
Type host: Glomeris (Arthropoda: Diplopoda: Glomerida: Glomeridae).
6. Genus: Diaspora Leger 1898
Oocyst formula: O(?).2.1
Characters: Oocysts unknown, two sporocysts each with one sporozoite, sporocysts lacking suture; in
invertebrates.
Total number of named species: 1.
Type species: Diaspora hydatidea Leger 1898.
Type host: Polydesmus (Arthropoda: Diplopoda: Polydesmida: Polydesmidae).
7. Genus: Dorisa Levine 1980
Synonym: Dorisiella Ray, 1930, pro parte.
Oocyst formula: O.2.8
Characters: Oocyst with 2 sporocysts, each sporocyst with 8 sporozoites; Oocyst wall definite; in
vertebrates.
Total number of named species: 13, although most appear to represent abnormal sporulation of isosporan
oocysts.
Type Species: Dorisa hoarei (Yakimoff and Gousseff 1935) Levine 1980.
Type Host: Elaphe quatuorlineata sauromates (Reptilia: Squamata: Colubridae).
8. Genus : Dorisiella Ray 1930
Oocyst formula: O.2.8
Characters: Oocyst with 2 sporocysts, each sporocyst with 8 sporozoites; Oocysts wall thin, membranelike; in polychaetes.
Total number of named species: 1.
Type Species: Dorisiella scolelepidis Ray 1930.
Type Host: Scolelepis fuliginosa (Annelida: Polychaeta: Canalipalpata: Spionidae).
9. Genus: Eimeria Schneider 1875
Synonym: Acroeimeria Paperna & Landsberg, 1989; Acystis Labbe, 1894, pro parte; Ampulleimeria
Pellerdy, 1964; Archeococcidia Schmidt, Duszynski, & Martin 1992; Bananella Labbe, 1895;
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Caryophagus Druner, 1894, lapsus; Choleoeimeria Paperna & Landsberg 1989; Coccidium Leuckart, 1879,
pro parte; Crystallospora Labbe 1899; Cytophagus Steinhaus 1891, pro parte; Cytospermium Rivolta
1878, pro parte; Eimeriella Stiles 1901; Ellipseimeria Pellerdy 1964; Epieimeria Dykova & Lom 1981;
Globideimeria Pellerdy 1964; Globidium Flesch 1894, pro parte; Gousseimeria Pellerdy 1964; Goussia
Labbe 1896; Gregarina Eimer 1870, pro parte; Ileocystis Gilruth & Bull 1912; Jarrina Leger & Hesse
1922; Karyophagus Steinhaus 1889; Lymphocystis Gilruth & Bull 1912; Marotelia Ratz 1905;
Nucleoeimeria Daoudi 1987; Nucleogoussia Daoudi 1987; Orcheocystis Trinci 1916; Orthospora
Schneider 1881, pro parte; Oveimeria Pellerdy 1964; Paracoccidium Laveran & Mesnil 1902; Pfeifferella
Labbe 1899; Pfeifferia Labbe 1894; Poleimeria Pellerdy 1964; Psorospermium Rivolta 1878, pro parte;
Rotundeimeria Pellerdy 1964; Stomateimeria Pellerdy 1964.
Oocyst formula: O.4.2
Characters: Oocyst with 4 sporocysts, each sporocyst with 2 sporozoites; in vertebrates and invertebrates.
Total number of named species: over 1700.
Type species: Eimeria falciformis (Eimer 1870) Schneider 1875.
Type host: Mus musculus (Mammalia: Rodentia: Muridae).
10. Genus: Grasseella Tuzet and Ormie’res 1960
Oocyst formula: O.n.2
Characters: Oocyst with many sporocysts, each sporocyst with 2 sporozoites; in ascidians.
Total number of named species: 1
Type Species: Grasseella microcosmi Tuzet and Ormie’res 1960.
Type Host: Microcosmus sulcatus (Chordata: Urochordata: Ascidiacea).
11. Genus: Isospora Schneider 1881
Synonym: Coccidium Leukart 1879, pro parte; Cystoisospora Frenkel 1977; Diplospora Labbe, 1893;
Hyaloklossia Labbe 1896, pro parte; Klossia Labbe 1894, pro parte; Levineia Dubey 1977; Lucetina
Henry & Leblois 1925, pro parte; Psorospermium Rivolta 1878, pro parte.
Oocyst formula: O.2.4
Characters: Oocyst with 2 sporocysts, each sporocyst with 4 sporozoites; merogonous stages not
disseminated extraintestinally in mononuclear cells; in invertebrates and vertebrates including humans.
Total number of named species: about 250.
Type species: Isospora rara Schneider 1881.
Type host: Limax sp. (Mollusca: Gastropoda: Pulmonata: Limacidae).
12. Genus: Mantonella Vincent 1936.
Oocyst formula: O.1.4
Characters: Oocysts with 1 sporocyst, the sporocyst with 4 sporozoites; in invertebrates and vertebrates.
M. hammondi Wacha and Christiansen 1976 from a turtle is described a pseudoparasite.
Total number of named species: 4 (?)
Type species: Mantonella peripati Vincent 1936.
Type host: Peripatopois sedgwicki (Onychophora: Onychophorida: Euonychophora: Peripatopsidae).
13. Genus Ovivora Mackinnon & Ray 1937
Oocyst formula: O.n.12
Characters: Oocyst with many sporocysts, each sporocyst with upto 12 sporozoites; in eggs of echuroids.
Total number of named species: 1.
Type species: Ovivora thalassemae (Lankester 1885) Mackinnon & Ray 1937.
Type host: Thalassema neptuni (Echiura: Echiuroidea: Echiurida:Echiuridae).
14. Genus Pfeifferinella von Wasielewski 1904
Synonym: Alveocystis Bel'tenev 1980.
Oocyst formula: O.0.8-14
Characters: Oocyst lacking sporocyst, usually with large micropyle and a large oocyst residuum. A
distinct convex micropyle is generally present at one end of the oocyst and 8-14 free sporozoites; in
invertebrates (Priapulids and Gastropods).
Total number of named species: 6.
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Type species: Pfeifferinella ellipsoides von Wasielewski 1904.
Type Host: Planorbarius corneus (Mollusca: Gastropoda: Basommatophora: Planorbidae).
15. Genus Pseudoklossia Leger & Duboscq 1915
Synonyms: Hyaloklossia Leger, 1897, pro parte; Margolisiella Desser & Bower 1997
Oocyst formula: O.n.2
Characters: Oocysts with many sporocysts, each sporocyst with 2 sporozoites; in marine mollusks.
Pseudoklossia pectinis Leger and Duboscq1917 has syzygy and may be misclassified.
Total number of named species: 7 (?).
Type species: Pseudoklossia glomerata Leger & Duboscq 1915.
Type Host: Tapes floridus (Mollusca: Pelecypoda: Veneridae).
16. Genus Tyzzeria Allen 1936
Synonym: Koidzumiella Matubayasi 1936.
Oocyst formula: O.0.8
Characters: Oocysts without sporocysts, each with 8 free sporozoites; sporozoites are surrounded by a thin
membrane in vertebrates.
Total number of named species: 10, but parasites found in non-avian hosts represent misidentifications.
Type species: Tyzzeria perniciosa Allen 1936.
Type host: Anas platyrhynchos domestica (Aves: Anseriformes: Anatidae).
17. Genus Wenyonella Hoare 1933
Oocyst formula: O.4.4
Characters: Oocyst with 4 sporocysts, each sporocyst with 4 sporozoites; in vertebrates.
Total number of named species: 18, although some most likely represent misidentifications of eimerian
oocysts.
Type Species: Wenyonella africana Hoare 1933.
Type Host: Boeodon lineatus (Reptilia: Squamata: Colubridae).
18. Genus Gousseffia Levine 1980
Synonym: Yakimovella Gousseff 1937, nomen preocc.
Oocyst formula: O.8.n
Characters: Oocyst with 8 sporocysts, each sporocyst with many sporozoites.
Type species: Gousseffia erinacei (Gousseff 1937) Levine 1980.
Type Host: Erinaceus europaeus Linnaeus 1758 (Mammalia: Erinaceomorpha: Erinaceidae).
Probable description: Oocysts probably represent an adelid pseudoparasite.
19. Genus Hoarella de Peraza LA 1963
Oocyst formula: O.16.2
Characters: Oocyst with 16 sporocysts, each sporocyst with 2 sporozoites.
Type species: Hoarella garnhami de Peraza LA1963.
Type Host: Cnemidophorus lemniscatus (Reptilia: Squamata: Teiidae).
Probable description: Meronts and gametes were found in the gut and thought to belong to the parasite.
The coccidian most likely represents a parasite of arthropods and the developmental stages those of another
coccidian.
20. Genus Octosporella Ray and Ragavachari 1942
Synonyms: Octosporella hystrix Barker, Beveridge, and Munday 1985 from Tachyglossus aculeatus
(Monotremata), Octosporella notropis Li and Desser 1985 from Notropis cornutus (Cypriniformes),
Octosporella opeongoensis Li and Desser 1985 from Notemigonus crysoleucas (Cypriniformes),
Octosporella sanguinolentae Ovezmukhammedov 1975 from Agama sanguinolenta (Sauria), Octosporella
sasajewunensis Li and Desser 1985 from Notemigonus crysoleucas (Cypriniformes)
Oocyst formula: O.8.2
Characters: Oocysts with 8 sporocysts, each sporocyst with 2 sporozoites.
Type species: Octosporella mabuiae Ray and Raghavachari 1942.
Type Host: Mabuia sp. (Reptilia: Sauria).
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Probable description: The species from lizards and the echidna probably represent parasites of arthropods.
Any developmental stages noted are probably those of other coccidia. The species from the fish were
described from smears and the sporocyst plates misidentified as intact sporocysts.
21. Genus Polysporella McQuistion 1990
Oocyst formula: O.9-15.2
Characters: Oocysts with 9-15 sporocysts, each sporocyst with 2 sporozoites
Type species: Polysporella genovesae McQuiston, 1990.
Type Host: Nesomimus parvulus (Aves: Passeriformes: Mimidae).
Probable description: This coccidian most likely represents an adelid pseudoparasite.
22. Pythonella Ray and Das Gupta 1937
Oocyst formula: O.16.4
Characters: Oocyst with 16 sporocysts, each sporocyst with 4 sporozoites.
Type species: Pythonella bengalensis Ray and Das Gupta 1937.
Type Host: Python sp. (Reptilia: Squamata).
Probable description: All species [Pythonella karakalensis Glebezdin 1971 from Calomyscus bailwardi
(Rodentia), Pythonella scelopori Duszynski 1969 from Sceloporus squamosus (Sauria), Pythonella sp.
Kawazoe, Gouvea, Jorge, Caputo, and Perdigao 1989 from Sclerurus scansor (Passeriformes) Pythonella
scleruri Kawazoe and Gouvêa 1999 from a Brazilian Bird Rufous-Breasted-Leaftosser, Sclerurus scansor]
appear to represent adelid pseudoparasites.
23. Genus Sivatoshella Ray and Sarkar 1968
Oocyst formula: O.2.16
Characters: Oocysts with 2 sporocysts, each sporocyst with 16 sporozoites.
Type species: Sivatoshella lonchurae Ray and Sarkar 1968, type species.
Type Hosts: Lonchura malabarica, L. punctulata (Aves: Passeriformes: Estrildidae).
Probable description: The oocysts appear to be the result of abnormal sporulation of an isosporan.
24. Genus Skrjabinella Matschoulsky 1949
Oocyst formula: O.16.1
Characters: Oocyst with 16 sporocysts, each sporocyst with 1 sporozoite.
Type species: Skrjabinella mongolica Matschoulsky 1949.
Type Host: Allactaga saltator (Mammalia: Rodentia: Dipodidae).
Probable description: This coccidian appears to be an adelid pseudoparasite.
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