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Summary. Examina t ion  of  the original descriptions of  the species of  Sarco- 
cystis in cattle, sheep, and swine, and  of  isospor id  oocysts  shed sporula ted 
by dogs, cats, man ,  and other  carnivores,  has shown that  it is not  possible 
in mos t  instances to identify unambiguous ly  recently recognized taxa. The 
original descript ions are insufficient, and because no type specimens exist, 
could apply  to two or more  of  the presently recognized taxa. We  consider 
the following nomina dubia." 

Sarcocystis hirsuta Isospora bigemina (S. bigemina) 
S. miescheriana L hominis (S. horninis) 
S. tenella L buteonis (Frenkelia buteonis 
S. cruzi 
S. bertrami 

Because the fo rmer  type species, Sarcocystis miescheriana, is an indeterminate  
nomen dubium, we are p ropos ing  S. muris as the new type species. Historically,  
it was the first species described clearly and unambiguous ly  even in the 
light o f  present  knowledge,  and the stages of  its life cycle are p robab ly  
complete ly  k n o w n ;  it was the second species to be named.  Old and recent 
descript ions are reviewed, and definit ions are p roposed  for  the following 
taxa:  

S. bovifelis S. ovifelis S. suihominis S. equicanis 
S. bovicanis S. ovicanis S. suicanis Frenkelia microti 
S. bovihominis S. muris (type species) F. glareoli 

for  which neotypes  1 will be p repared  and  deposi ted with designated institu- 
tions and curators .  A new subfamily,  Cystoisospor inae,  is created. 

Introduction 

The recogni t ion of  p reda to r -p rey  type life cycles for  several Sarcocystis spp. 
(for review, see Levine, 1977) has made  possible the definit ion of  certain taxa 
by their m o r p h o l o g y  and their host  specificity. While this has permi t ted  us 

1 The Committee of Nomenclature now (Warschau, 1978) proposes to create 'hapantotypes' in 
Protozoa comprising of all significant stages of a life cycle. 
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Fig. ]. Diagrammatic representation of the life cycle of Sarcocystis suitzominis. L Sporozoite. 2. 
Within endothelial cells two generations of schizonts are formed giving rise to 50-90 merozoites 
(each) by simultaneous division of the giant nucleus. 3. Merozoite. 4. Cyst formation within muscle 
fibers with globoid metrocytes and elongate bradyzoites. 5. After eating raw meat containing cysts, 
bradyzoites are set free within the intestine of man.  6., 7. Micro- and macrogamonts  develop 
i~a a parasi tophorous vacuole within the cells of the lamina propria. 8, 9. Th e stationary macrogamete 
(8) is fertilized by a motile microgamete (9). 10. The zygote is surrounded by a wall and becomes 
an 'oocysL '  11. Two sporocysts are formed in the interior of an oocyst wlaile still in the host  
cell. 12. The oocyst wall is broken and the two sporocysts are set free, containing four sporozoites 
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to separate a n u m b e r  of taxa previously thought  to be one, it has also given 
rise to considerable  uncer ta in ty  concern ing  nomencla ture .  

In order to designate the newly defined taxa, Heydorn et al. (1975) proposed new specific 
names that combined the names of the intermediate and final hosts. However, because they did 
not formally designate available names under the Code of Zoological Nomenclature, and nomina 
dubia with individual justifications, their proposal became a subject of controversy and of attempted 
rectifications. 

To this end, Tadros and Laarman (1976) reviewed the classification, accepting certain old 
and some new species names. However, they complicated their proposal by creating a substitute 
genus with the same type species as Sarcocystis, which is inadmissible under the Code. They 
also reduced a number of other genera to subgenera of Isospora, in order to emphasize the 
coccidian nature of these organisms and to conform to the periodic table of Hoare (1956). Levine 
(i977) carefully reviewed and discussed the nomenclature of Sarcoc;vstis and of the fecal coccidia 
of dogs and cats, and also accepted certain old and some new species names, without proposing 
changes of generic rank. Interestingly, his assignment of Sarcocystis spp. does not always correspond 
to that of Tadros and Laarman (1976). Indeed, this characterizes the central problem: when 
one critically reviews the old descriptions, one cannot identify the recently recognized taxa with 
any degree of certainty. For example, Tadros and Laarman (1976) and Levine (1977), by using 
reasonable assumptions and logical processes, arrived at opposite conclusions when attempting 
to identify S. cruzi and S. hirsuta. Therefore, instead of arguing which old name is more probably 
applicable to the new taxa, and in the absence of type specimens, it appears preferable to declare 
the indeterminate designations nomina dubia, to re-define the species, and to create neotypes. 

In  the following we will review the relevant  descriptions of species level 
taxa. In regard to the generic designations,  we consider it in the interest of 
conservatism, communica t ion ,  and future  expandabi l i ty  of  the classification to 
retain the current  generic concepts,  which place emphasis  on the unique  diversity 

of the cyst stages (Levine, 1977; Frenkel ,  1977). This will be more  advantageous  
than to follow the first useful, but  still primit ive classification of Hoare  (1956), 
which places emphasis  on the sameness of the isosporid oocysts (Tadros  and  
Laarman ,  1976). 

SARCOCYSTIS spp. 

Original Descriptions From Intermediate Host 

The in t ramuscu la r  cysts of Sarcocyst is  were first described by Miescher (1843) 
in skeletal muscles of a house mouse,  bu t  no scientific name  was given. When,  
in the following years, s imilar  cysts were observed in muscles of other vertebrates, 
they were referred to as Miescher 's  tubes, Ra iney ' s  bodies, or psorospermes 
(itching seed - an archaic term for p ro tozoan  tissue cysts). Binomial  terms 
were first used by Lankester  (1882), who proposed Sarcocyst is  miescheri, thus 
in t roduc ing  a genus and a species. This naming  was incidental  to describing 
a b lood parasite of frogs, to which S. miescheri was compared.  To quote the 
original  text (beginning on p. 59, last two lines): 

'I think it, however, important to draw attention to the close resemblance between the Drepani- 
dium of Frog's blood and the falciform corpuscles which are described as occurring within the 
spores of a very remarkable Sporozoon - the Sarcocystis Miescheri. This organism occurs as 
a cell-parasite within the striated muscular fibres of such animals as the Pig, Sheep, and Man, 
and was first described by Miescher, and afterwards (in 1857) by the English anatomist, Rainey.' 
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Table 1. List of nomina dubia and new species names 

J.K. Frenkel et al. 

Inter- 
mediate 
host 

To be considered as nomina dubia New species names 

Sheep Sarcocystis tenella Moul6, 1888 
Syns. Miescheria tenella Railliet, 1886 

Balbiania gigantea Railliet, 1886 
Coccidium bigeminum Stiles, 1891 
Isospora bigemina (Stiles, 1891) Liihe, 
1906 pro parte 

Sarcocystis ovifelis Heydorn et al., 
1975 for the sheep-cat cycle 

Sarcocystis ovicanis Heydorn et al., 
1975 for the sheep-dog cycle 

Cattle Sarcocystis hirsuta Moul6, 1888 
Syns. S. fusiformis Railliet, 1897 of Babu- 

dieri (1932) and following auctores, 
S. blanchardi Doflein, 1901 pro parte 
Miescheria cruzi Hasselmann, 1923 
Isospora bigemina (Stiles, 1891) 
Ltihe, 1906 pro parte 
Isospora hominis Railliet and 
Lucet, 1891 pro parte 

Sarcocystis bovifelis Heydorn et al., 
1975 for the cattle-cat cycle 

Sarcocystis bovicanis Heydorn et al., 
1975 for the cattle-dog cycle 

Sarcocystis bovihominis Heydorn et al., 
1975 for the cattle-man cycle 

Pig Sarcocystis miescheriana (Ktihn, 1865) 
Labb~, 1899 
Syns. Isospora bigemina (Stiles, 1891) 

Lfihe, 1906 pro parte 
Isospora hominis Railliet and 
Lucet, 1891 pro parte 

Sarcocystis suihominis (Tadros and 
Laarman, 1976) Heydorn, 1977 for 
the swine-man cycle 

Sarcocystis suicanis Erber, 1977 
for the swine-dog cycle 

Horse Sarcocystis bertrami Doflein, 1901 
Syn. Isospora rivoIta Gassner, 1940; 

Levine and Ivens, 1965 pro parte 

Sarcocystis equicanis Rommel and 
Geisel, 1975 

Voles 
Microtus 
agrestis 
(field 
vole) 
Clethri- 
onomys 
glareolus 
(bank 
vole) 

Isospora buteonis Henry, 1932 
Syns. Toxoplasma microti Findlay and 

Middleton, 1934 

Frenkelia microti (Findlay and 
Middleton, 1934) Biocca, 1968 (type 
species) transmitted by Buteo buteo; 
see Krampitz and Rommel, 1977 

T. glareoli Erhardova, 1955 Frenkelia glareoli (Erhardova, 1955) 
Frenkelia clethrionomyobuteonis Biocca, 1968; for description see 
Rommel and Krampitz, 1975 Enemar, 1963; transmitted by Buteo 
Endorimospora buteonis (Henry, 1932) buteo; see Rommel and Krampitz, 1975 
Tadros and Laarman, I976 

F r o m  this it is c lear  tha t  the  a u t h o r  a p p a r e n t l y  bel ieved tha t  the  species descr ibed  
paras i t izes  several  hosts.  However ,  we n o w  k n o w  at  least  two species of  Sarco- 
cystis f rom the pig, two f r o m  sheep, a n d  one  f r o m  m a n  as i n t e r m e d i a t e  hosts ,  
and  the list is growing.  F u r t h e r m o r e ,  the desc r ip t ion  g iven  by  L a n k e s t e r  is 
so def ic ien t  tha t  it  c a n n o t  n o w  be ident i f ied  wi th  one  t axon .  As a consequence, 
a type species cannot be f i x ed  for  the genus Sarcocystis f rom the f irst  description. 
However, the genus Sarcocystis should be preserved because it has been used 
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universally for almost 100 years (in accordance with Articles 23 and 79, Interna- 
tional Code of Zoological Nomenclature, 1964). A new type species, S. muris, 
has been chosen from those species where the complete life cycle is known. 

In the years following Lankester, sarcocysts were found in muscles of many 
animals, and it was thought that each animal species is parasitized by only 
one sarcosporidian species, which received one name (or erroneously some syn- 
onyms), e.g. : 

S. tenella Railliet, 1886) Moul6, 1888 of sheep, 
S. miescheriana (Ktihn, 1865) Labb6, 1899 of pigs, 
S. hirsuta Moul6, 1888 of cattle (Table 1) 

However, through transmission experiments it was shown recently that 
more than one Sarcocystis species occurs in naturally infected cattle, sheep, 
and swine. Actually we know at present three in cattle, two in sheep, and 
two in swine (Table 2). 

The several species in each host resemble each other to some degree, but 
the cyst wall and the enclosed organisms within each species may look different 
depending on their age. In addition, the cyst wall may appear different in 
the fresh and the fixed state. It is important to know, therefore, how the cysts 
were prepared when first described. For example, although one can readily 
see radial striations or cyst wall processes in sections of cysts of the cattle-man 
cycle, they are not evident in sections of cysts of the cattle-dog cycle, although 
such processes are visible in fresh preparations of the latter cysts (for details, 
see Table 3). 

From these considerations, it can be concluded: 

1. The original descriptions of the Sarcocystis of cattle, sheep, and pigs are 
so vague as to be indeterminate, and they do not identify any of the two 
to three taxa presently identified in each host. 

2. Because it is impossible for a contemporary revisor to identify precisely 
certain names originally given to cysts in muscles, and to apply them to the 
taxa now recognized, these original names are nomina dubia, and we have asked 
the International Commission on Zoological Nomenclature to formally suppress 
these names. 

Original Descriptions From Intestine and Feces of Final Host 

The Sarcocystis nomenclature is further complicated by the fact that what we 
now recognize as sporulated oocysts, or sporocysts, of Sarcocystis spp. have 
previously been described as species of Isospora Schneider, 1881 (Table 2). 
Oocysts and sporocysts from different species and genera (Toxoplasma, Ham- 
mondia, and Sarcocystis), and from different hosts had been described as L 
bigemina. With the list still growing, at present there are recognized at least 
four different species of sporocysts of similar size and morphology in the dog, 
six in the cat, and two in man (Mehlhorn et al., 1976; Mehlhorn and Heydorn, 
1978) that have been described from natural and sometimes mixed infections 
by single names (Table 2): L bigemina var. canis, L bigemina var. cati, L hominis. 
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It is readily seen that none of the old names can be related accurately 
to one of the present diagnosed sarcosporidian life cycles. We have asked the 
Commission to reject these nomina dubia. 

Proposed Definitions 

We have asked the Commission to admit the following defined taxa to the 
official List of Specific Names in Zoology. 
Genus Sarcocystis Lankester, 1882, polyzoic cysts typically in striated muscle 
of the intermediate host, with an obligatory two-host cycle (=heteroxenous). 

In the Intermediate Host: 
Merogony occurs in two consecutive phases: 
a. In endothelial or tissue cells (one or several generations) 
b. Predominantly in skeletal or cardiac muscles leading to cyst formation 

(two types ofzoites : (1) non-infectious metrocytes, and (2) infectious bradyzoites, 
cystozoites, cyst-merozoites) 

In the Final Host: 
a. Gamogony and sporogony take place in the intestinal mucosa of a predator 
b. Oocysts with a very thin wall, without micropyle, containing two sporo- 

cysts, each with four sporozoites and a residual body; no Stieda body. They 
sporulate in the mucosa and are shed usually as sporocysts over a period of 
several weeks. 

As type species, we have chosen Sarcocystis muris (Blanchard, 1885) Labb6, 
1899 because this is the first sarcosporidian species observed in 1843 by Miescher. 
The life cycle and other details were described by Ruiz and Frenkel (1976). 
Because the definition of each species includes usually one intermediate and 
one or more final hosts, these are listed in Table 4, together with the hosts 
to which experimental transmission was not successful (to be noted in view 
of many false attributions in the literature). 

Type species Sarcocystis muris (Blanchard, 1885) Labb6, 1899 

(Syn. Miescheria muris Blanchard, 1885 
Coccidium bigeminum (Stiles, 1891) Lfihe, 1906 pro parte 
Coccidium bigeminum var. cati Railliet and Lucet, 1891 pro parte 
Sarcocystis musculi Blanchard, 1885) of Kalyakin and Zasukhin, 1975 
lapsus linguae) 

Intermediate Host 
Mus musculus only 
Pre-cystic schizogony in liver 
Cyst formation in skeletal muscle beginning ~-25 days after infection 
Cyst wall: Thin (less than 1 gm) in fixed material. Ultrastructurally it is a 

0.1 lam layer with irregular, bleb-like projections extending to a total 
thickness of 0.2 ~tm (Sheffield et al., 1977). 
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Cyst measurements: Up to 5 6 mm in length, 100 200 gm in width. Cysts 
contain thousands of bradyzoites measuring approximately 3 x 13-15 gm 2 
in section and 14-16 x 4 6 gm in impression films stained with Giemsa. 
Metrocytes exclusively present for 65 days, infectious bradyzoites present 
after 76 days (Ruiz and Frenkel, 1976). 

Pathogenicity: slight for mice 

Final Host 
Felis catus 
Sporocysts in feces of cat: 7.5-9.0 (8.5)x 8.7-11.7 (10.3)gm 
Prepatent period: 5-11 days, patency up to 81 days 

S. bovicanis Heydorn et al., 1975 
(Syn. See Table 1) 

Intermediate Host 
Cattle (Bos taurus) 
Cyst formation in skeletal and cardiac muscle and occasionally in brain 

beginning about 30-40 days after infection 
Cyst wall: In fixed cysts the wall of the mature cyst appears thin (less 

than 1 gm) and smooth. By means of electron microscopy a small number 
of 0.6-3.0 gm long, flattened protrusions without fibrils are visible follow- 
ing an irregular course along the surface of the cyst, being visible also 
in native preparations. 

Final Host 
Domestic dog (Can& familiar&) 
Wolf (Can& lupus) 
Coyote (Can& latrans) 
Red fox (Vulpes vulpes) 
Sporocysts from the feces of the dog: 14.3 17.4 (16.3+1.0)x8.7-13.3 

(10.8+1.1) gm 
Prepatent period: 9 10 days 
Pathogenicity: sporocysts of the dog highly pathogenic for calves. 

S. bovifelis Heydorn et al., 1975 
(Syn. See Table 1) 

Intermediate Host 
Cattle (Bos taurus) 
Cyst formation in skeletal and cardiac muscles beginning about 30 40 days 

after infection 
Cyst wall: In formol fixed sections the wall of the mature cyst appears 

up to 5.4 gm thick and radially striated. By electron microscopy numerous 
3.8-5.5 (4.7) gm long, straight, and commonly sloping protrusions con- 
taining 200 300 fibrils become visible. 

Final Host 
Domestic cat (Felis catus) 

2 Due to crowding and the curvature of S. muris in cysts, this measurement was derived from a 
few rare organisms that appeared isolated. Measurements from electron micrographs appeared 
slightly smaller 
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Feral cat (Felis silvestris) 
Sporocysts from the feces of domestic cats: 10.8-13.9 (12.5-+0.8)• 6.9-9.3 

(7.8 _+ 0.6) gm 
Prepatent period: 7-9 days 
Pathogenicity: sporocysts not, or only slightly pathogenic for calves. 

S. bovihominis Heydorn et al., 1975 
(Syn. See Table 1) 

Intermediate Host 
Cattle (Bos taurus) 
Cyst formation in skeletal and cardiac muscles beginning about 30-40 days 

after infection 
Cyst wall: In formol fixed sections the wall of the mature cyst appears 

up to 6.9 gm thick and radially striated. By electron microscopy 4-7 
(5.9) gm long, straight, and upright protrusions with numerous fibrils 
are visible. 

Final Host 
Man (Homo sapiens) 
Rhesus monkey (Macaca rhesus) 
Baboon (Papio cynocephalus) 
Sporocysts from human stools: 13.1-17.0 (14.7 + 0.8) • 7.7-10.8 (9.3 + 0.5) gm 
Prepatent period: 9-10 days 
Pathogenicity: sporocysts from human stools not, or only slightly pathogenic 

for calves. 

S. ovicanis Heydorn et al., 1975 
(Syn. See Table 1) 

Intermediate Host 
Domestic sheep (Ovis aries) 
Cysts: Microscopic in size 
Cyst formation in skeletal and cardiac muscle and occasionally in brain 

beginning about 30 days after infection 
Cyst wall: In formol fixed sections the wall of the mature cyst appears 

thick (up to 2.5 ~m) and radially striated. By means of electron micro- 
scopy numerous 2.0-3.5 (2.8) ~tm long, palisade-like protrusions without 
fibrils become visible. 

Final Host 
Domestic dog (Canisfamiliaris) 
Sporocysts: 13.1-16.1 (14.8+0.8)• (9.9_+0.7)gm 
Prepatent period: 8-9 days 
Pathogenicity: sporocysts highly pathogenic for lambs. 

S. ovifelis Heydorn et al., 1975 
(Syn. See Table 1) 

Intermediate Host 
Domestic sheep (Ovis aries) 
Cysts: Ovoid, up to 1.5 cm in size 
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Cyst formation predominantly in esophagus, seldom in skeletal muscle; 
bradyzoites becoming infectious 8-14 months after infection (Munday, 
1978) 

Cyst wall: With numerous cauliflower-like protrusions 1.0-4.5 (3.5) lam long. 
Protrusions contain numerous fibrils. The parasitized host cell is enclosed 
in connective tissue forming a secondary cyst wall. Limiting membrane, 
a homogeneous layer 3.5 gm thick. 

Final Host 
Domestic cat (Felis catus) 
Sporocysts: 10.8 13.9 (12.4+_0.8) x 7.7-9.3 (8.1 +0.5) gm 
Prepatent period: 11 14 days 
Pathogenicity: sporocysts not pathogenic for lambs. 

S. equicanis Rommel and Geisel, 1975 
(Syn. See Table 1) 

Intermediate Host 
Horse (Equus cabalIus) 
Cysts: Microscopic in size, up to 350 gm 
Cyst formation in skeletal and cardiac muscle 
Cyst wall: In formol fixed sections the wall of the cyst appears thin (less 

than 1 gm) and is not striated. By electron microscopy a small number 
of 0.4-2.0 gm long protrusions following a course along the surface be- 
come prominent. 

Final Host 
Domestic dog (Canis familiaris) 
Sporocysts: 15.0-16.3 (15.2+-0.4)x8.8 11.3 (10.0+0.3" gm 
Prepatent period: 8 days 
Pathogenicity: not investigated. 

S. suicanis Erber, 1977 
(Syn. See Table 1) 

Intermediate Host 
Domestic and wild pig (Sus scrofa) 
Cysts: 50-1,500 • 15-100 ~tm 
Cyst formation in skeletal and cardiac muscle beginning about 20-30 days 

after infection 
Cyst wall: With numerous palisade-like processes which always stand up- 

right, being 2.2-4.8 gm long. Filaments are present within these processes 
but are randomly arranged. 

Final Host 
Dog (Canis lupus familiaris) 
Fox (Vulpes vulpes) 
Wolf (Canis lupus lupus) 
Sporocysts: 12.7 (_+0.5) x 10.1(+0.3) lam 
Prepatent period: 9 12 days 
Pathogenicity: sporocysts are pathogenic for swine. 
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S. suihominis (Tadros and Laarman, 1976) Heydorn, 1977 
(Syn. See Table 1) 

Intermediate Host 
Domestic and wild pig (Sus scrofa) 
Cysts: Up to 5 mm in length 
Cyst formation in skeletal and cardiac muscle and occasionally brain begin- 

ning about 20-30 days after infection 
Cyst wall: In formol fixed sections of old cysts, a thin wall (1 gm) appears. 

In electron microscopy first upright protrusions become visible in young 
cysts, which in older cysts are folded over. In fresh preparations of 
old cysts, hair-like processes up to 14 Hm in length appear. These processes 
contain filaments arranged in pairs. 

Final Host 
Man (Homo sapiens) 
Sporocysts: 11.6-13.9 (13.5_+0.5)x 10.1-10.8 (10.5_+0.1) ~tm 
Prepatent period: 9 days 
Pathogenicity: pathogenic for man and pigs. 

FRENKELIA spp. 

The genus Frenkelia Biocca, 1968 was created for meronts in lobulated or 
spherical, and compartmented tissue cysts in the brain and spinal cord of certain 
rodents which could not be subinoculated directly from mouse to mouse. An 
obligatory heteroxenous cycle was recently described between Frenkelia of two 
microtene rodents and the common European buzzard, Buteo buteo (Rommel 
and Krampitz, 1975; Krampitz and Rommel, 1977). This predatory bird trans- 
mits F. glareoIi (Erhardova, 1955; Enemar, 1963) from Clethrionomys gIareolus 
(bank vole; R6telmaus) and also F. microti (Findlay and Middleton, 1934) 
from Microtus agrestis (common vole; Erdmaus). Although brain cysts were 
fed to cats, dogs, and five to six genera of birds of prey, only the common 
buzzard, Buteo buteo (Mfiusebussard), shed free mature sporocysts for a 
prolonged period of patency (Table 5). 

Tadros and Laarman (1976, p. 34) assumed these sporocysts from European 
B. buteo to be 'identical' to those previously described as Isospora buteonis 
(Henry, 1932) from California. Tadros and Laarman (1976, p. 59) asserted that 
Henry's name had priority over several others from European mice, and on 
p. 83 (loc. cit.) proposed the name Endorimospora buteonis (Henry, 1932) comb. 
n o v .  

However, L buteonis was described from three hawks in California, Buteo 
borealis (red-tailed hawk), B. swainsoni (Swainson's hawk), and Aecipiter cooperi 
(Cooper's hawk), and from a short-eared owl (Asio flammeus) from Seattle, 
Washington. The sporocysts which were shed sporulated could, according to 
our present state of knowledge, belong to either FrenkeIia or Sarcocystis in 
the Western United States. Interestingly, each of the two European Frenkelia 
was transmitted by only B. buteo, although six species of predatory birds were 
tested for their ability to transmit F. glareoli and five for their ability to transmit 
F. microti. Because of the apparent specificity in the final host (Table 5), it 
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Table 5. Animals experimentally tested for susceptibility to sporocysts and tissue cysts of Frenkelia 

Frenkelia Sporocyst excretion after 
ingestion of cysts 

species Positive results Negative results 

Cyst formation in brain following 
ingestion of sporocysts 

Positive results Negative results 

F. microti Buteo buteo 2~ Falco tinnunculus z Microtus agrestis 2 Clethrionomys glareolus z 
(Common Asio otus ~ M. arvalis 2 Cricetulus griseus 3 
European Strix alucro 2 Apodemus sylvaticus z Meriones unguiculatus 3 
buzzard) Tyto alba 2 A. flaviocollis 2 Cavia cobaya 3 

A. agrarius 2 Erynaceus europaeus 3 
Rattus norvegicus z Ovis aries 3 
Mesocricetus auratus z 
Mus musculus 3 
Mastomys natalensis 3 
Cricetus cricetus 3 
Chinchilla laniger 3 
Oryctolagus cuniculus 3 

F. glareoli Buteo buteo ~ Falco tinnunculus t Clethrionomys Microtus arvalis 4 
Accipiter gentilis 1 glareolus 4 M. agrestis ~ 
Asio otus 1 A. sylvaticus 4 
Strix aIucro 1 A. flavicollis 4 
Tyto alba 1 Mus musculus * 
Felis catus 
Canis familiaris 1 

a References: 1Rommet and Krampitz, 1975; 2Krampitz and Rommel, 1977; 3Rommel and 
Krampitz, 1977; 4Krampitz et al., 1976 

appears likely that the sporocysts described from three California hawks and 
one owl also belong to specific cycles and probably at least four separate cycles. 
In view of their geographic isolation, in the Western US and Europe respectively, 
and the apparently single final host, there is little likelihood that even one 
of the American predatory birds would transmit F. g lareo l i  or F. m ic ro t i .  

Therefore, L bu t eon i s  is regarded as a n o m e n  d u b i u m  and application has 
been made to the Commission to reject this binomial. Instead the binomials 
F. g lareo l i  and F. m i c r o t i  should be preserved, and we have requested the 
Commission to enter them into the official List of Specific Names in Zoology. 
No names are proposed for American F r e n k e l i a  because their life cycles are 
not known. 

Type species F r e n k e l i a  m i c r o t i  (Findlay and Middleton, 1934) Biocca, 1968 
(Syn. See Table 1) 

Intermediate Host  
Common  European vole ( M i c r o t u s  agres t i s ) ;  for experimental hosts, see 

Table 5 
Cysts: 0.2-1.0 ram, irregularly lobate, in brain and spinal cord 
Cyst wall: Irregularly folded bilayer, thin, less than 1 ~tm (Tadros et al., 

1972) 
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Final Host 
Common European buzzard (Buteo buteo) 
Sporocysts : 11.7-14.6 (12.2 + 1.8) x 8.7-11.6 (9.9 + 1.7) gm 
Prepatent period: 7-8 days 
Patency: 5-7 weeks 
Pathogenicity: not mentioned, apparently slight. 

F. glareoli (Erhardova, 1955) Biocca, 1968 
(Syn. See Table 1) 

Intermediate Host 
Bank vole (Clethrionomys glareolus) 
Schizogony in liver: 5-8 days 
Cysts: Up to 400 ~m, spherical in brain and spinal cord 
Cyst wall: Irregularly folded with membrane and inner osmiophilic layer, 

both less than 1 gm thick (Kepka and Scholtyseck, 1970) 

Final Host 
Common European buzzard (Buteo buteo) 
Gametogony in small intestine 
Sporocysts: 11.3-13.8 (12.5+0.38) x 7.8-10.0 (8.8+0.79) ixm 
Prepatent period: 7-9 days 
Patency: up to 57 days 
Pathogenicity: polydipsia and polyuria. 

Discussion 

Considering the complex information required, new sarcosporidian species 
should only be described when all the essential critical data have been deter- 
mined. Thus the premature designation of specific names for at-the-time un- 
named taxa, such as S. suihominis, S. murifelis, Besnoitia wallacei (Tadros and 
Laarman, 1976), S. porcifelis (Dubey, 1976), and others, without personal study, 
new data, or even material for study appears ill-considered because it may intro- 
duce new nomina dubia or nomina nuda. The creation of new species is best 
left to those who experimentally studied the species and who can designate 
type material. Type specimens will be prepared from the eleven species redefined 
here and will be deposited with the following institutions and individuals, when 
the species names are accepted: 

P. Beaver, Department of Parasitology, Tulane University, New Orleans, Louisiana, USA 
R. Fayer, Animal Parasitology Institute, Agricultural Research Center, Beltsville, Maryland, USA 
J.K. Frenkel, Department of Pathology, University of Kansas Medical Center, Kansas City, Kansas, 

USA 
P.C.C. Garnham, Imperial College Field Station, Asharst Lodge, Ascot, Berks. England 
A.O. Heydorn, Institut f/ir Parasitologie, Freie Universit~it Berlin, Berlin, Federal Republic of 

Germany 
N.D. Levine, Department of Pathology and Hygiene, College of Veterinary Medicine, University 

of Illinois, Urbana, Illinois, USA 
J.R. Lichtenfels, Animal Parasitology Institute, Agricultural Research Center, Beltsville, Maryland, 

USA 



134 

Table 6. Heteroxenous coccidia forming tissue cysts 

J.K. Frenkel et al. 

In cysts 

Propagative 
stages in 
final host 

Oocysts 

Cysts 

Location 

Wall 

Host cell 
nucleus 

Genus 

Cystoiso- 
sporinae 

§ 

Monozoic 

Lymphoid + Many ceils 
? other cells 

Inside cell 

Cystoisospora 

Toxoplasmatinae Sarcocystinae 

Bradyzoites only 

+ + 

Metrocytes and bradyzoites 

Sporulated outside host Sporulated in gut 

Polyzoic Polyzoic 

Fibroblasts Striated muscle Neurons 

Includes cell 

roxo- 
plasma 

Hypertrophy, +_ 
hyperplasia 

Besnoitia Ham- 
mondia 

Inside cell 

+_ Hypertrophy, 
lobulation ?, 
hyperptasia ? 

Sarcocystis Frenkelia 

H. Mehlhorn, Institut fiir Zoologie II, Universit~it Diisseldorf, Dtisseldorf, Federal Republic of 
Germany 

G. Piekarski, Institut fiir Medizin. Parasitologie, Universitfit Bonn, Bonn, Federal Republic of 
Germany 

M. Rommel, Institut fiir Parasitologie, Tier~irztliche Hochschule, Hannovel; Federal Republic of 
Germany 

A. Ruiz, Facultad de Medicina, Universidad de Costa Rica, San Jos6, Costa Rica 
W. Tadros, Instituut voor Tropische Hygiene, Amsterdam, Netherlands 

This detailed discussion of  the specific nomenclature  of  several members  
of  the Sarcocystinae would be deficient wi thout  a brief review of  the genera 
into which these species fit. Study of  several species within mos t  genera has 
yielded complete life cycles, permitt ing re-definition o f  each genus and proposals  
o f  new genera (Frenkel, 1977). The distinguishing features o f  the six genera 
o f  heteroxenous coccidia forming tissue cysts are shown in Table 6. They can 
be grouped into three subfamilies, within the family Sarcocystidae or Eimeriidae. 

Distinguishing features of  the Sarcocystinae are: 
1. Lack  of  propagat ive stages in the final host  
2. Sporulat ion of  oocysts in the gut prior to shedding 
3. Two morphological ly  distinct generations of  zoites within the cyst: 
a. The multiplying metrocytes present early 
b. The infectious bradyzoites which develop after an interval of  several weeks 

or months.  
The Toxoplasmat inae  show: 
1. Several generations of  propagat ive stages in the gut o f  the final host  
2. Oocysts  that  are shed unsporula ted 
3. Polyzoic cysts that  contain multiplying infectious bradyzoites only. 
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A newly proposed subfamily, Cystoisosporinae, is created for taxa with 
monozoic cysts. 

The genera are formally defined elsewhere (Frenkel, 1977). The distinctive 
features of Sarcocystis are the formation of cysts in cardiac or skeletal muscle 
(occasionally aberrant cysts were found in brain), with cysts compartmented, 
and no significant change of the nucleus of the host cell in which the cyst 
is found. Frenkelia forms cysts in neurons, all those known are compartmented, 
and the host cell nucleus hypertrophies. Both have the additional attributes 
of the Sarcocystinae (v.s.). 

The Toxoplasmatinae embrace three genera with cysts containing only brady- 
zoites. Harnmondia typically forms non-compartmented, thin-walled cysts within 
skeletal and heart muscle fibers. Besnoitia induces a thick cyst wall around 
host cell fibroblasts, the nuclei of which are induced to undergo hypertrophy 
and hyperplasia. The bradyzoites develop in a cytoplasmic vacuole. Toxoplasma 
forms thin-walled cysts within many cell types, principally brain and muscle 
(smooth, skeletal, and cardiac). 

Cystoisospora has been created for isosporid coccidia formerly thought to 
be homoxenous, which form cysts containing a single zoite in lymphoid and 
other tissues of intermediate hosts (Frenkel, 1977). Because it is sufficiently 
different from the Toxoplasmatinae, the subfamily Cystoisosporinae n. subfam. 
is suggested, with characters of the genus. 

Life cycles have been studied from two or more species in each genus, 
except for Toxoplasrna which we regard as monospecific. However, Levine (1977) 
considers Hammondia hammondi a species of Toxoplasrna, and has added several 
morphologically defined taxa from reptiles and amphibians, in effect changing 
the genus into a collective group. This of course would diminish the information 
the present classification is designed to supply. Another controversy exists over 
the interpretation of the single zoite of Cystoisospora which some like to call 
'waiting sporozoite,' 'dormozoite', or 'hypnozoite' rather than bradyzoite 
(Mehlhorn and Markus, 1976; Markus, 1976). Whether these forms are slow, 
sleeping, or soporific, interest in the group of heteroxenous coccidia forming 
tissue cysts has been alive the last 10 years. 

The new, improved classification affects the status of only some coccidia 
of man. Sarcocystis bovihorninis and S. suihorninis replace Isospora hominis. 
Although their sporocysts differ but little, they are highly specific for only 
one intermediate host. S. suihominis is more highly pathogenic for man and 
pig than is S. bovihorninis for man and cattle. The human Sarcocystis lindemanni 
is probably a species normally found in another host; the final host, from 
whose feces man infects himself occasionally, and the usual intermediate host 
have not yet been identified. Isospora belli has been found to have schizogony 
in the human intestine, and as oocysts are shed unsporulated, its taxonomic 
position is at present not in doubt. However, its oocysts have not yet been 
fed to potential intermediate hosts. 

Classification in the last analysis is a tool of scientific communication. 
Concepts of what are essential measurements have changed, and the lack of 
type specimens cannot always be made up by historical inquiry. For those in- 
stances where recognized taxa could no longer be communicated precisely and 
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u n a m b i g u o u s l y  f o l l o w i n g  the  p r o v i s i o n s  o f  t he  I n t e r n a t i o n a l  C o d e  (1964) ,  we 

d e v i s e d  a l t e r n a t e  m e a n s  to  e x p r e s s  t a x o n o m i c  i n f o r m a t i o n .  I t  is o u r  h o p e  

t h a t  t h e  p r e c i s i o n  a n d  e x p a n d a b i l i t y  o f  t he  p r o p o s e d  t e r m i n o l o g y  wil l  p r o m o t e  

t h e  f u t u r e  s t a b i l i t y  o f  n o m e n c l a t u r e  o f  t h e  S a r c o c y s t i n a e  a n d  t h a t  t h e y  wil l  

f ac i l i t a t e  c o m m u n i c a t i o n  i f g e n e r a l l y  a c c e p t a b l e .  
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