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Summary. Examination of the original descriptions of the species of Sarco-
cystis in cattle, sheep, and swine, and of isosporid oocysts shed sporulated
by dogs, cats, man, and other carnivores, has shown that it is not possible
in most instances to identify unambiguously recently recognized taxa. The
original descriptions 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 1. hominis (S. hominis)

S. tenella L. buteonis (Frenkelia buteonis)
S. cruzi

S. bertrami

Because the former type species, Sarcocystis miescheriana, is an indeterminate
nomen dubium, we are proposing S. muris as the new type species. Historically,
it was the first species described clearly and unambiguously even in the
light of present knowledge, and the stages of its life cycle are probably
completely known; it was the second species to be named. Old and recent
descriptions are reviewed, and definitions are proposed 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® will be prepared and deposited with designated institu-
tions and curators. A new subfamily, Cystoisosporinae, is created.

Introduction

The recognition of predator-prey type life cycles for several Sarcocystis spp.
(for review, see Levine, 1977) has made possible the definition of certain taxa
by their morphology and their host specificity. While this has permitted us
1 The Committee of Nomenclature now (Warschau, 1978) proposes to create ‘hapantoiypes’ in
Protozoa comprising of all significant stages of a life cycle.

0044-3255/79/0058/0115/$05.00



116 J.K. Frenkel et al.

sparacyst in
faeces

endothelial
cells

SPOROGONY SCHIZOGONY SRILE

oD

P & _.\
o
S

TS

8 )<
L

GAMOGONY

intestinal cells

macrogamont

Fig. 1. Diagrammatic representation of the life cycle of Sarcocystis suihominis. 1. 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
in a parasitophorous vacuole within the cells of the lamina propria. 8, 9. The stationary macrogamete
(8) is fertilized by a motile microgamete (9). 10. The zygote is surrounded by a wall and becomes
an ‘oocyst.” 11. Two sporocysts are formed in the interior of an oocyst while 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 number of taxa previously thought to be one, it has also given
rise to considerable uncertainty concerning nomenclature.

In order to designate the newly defined taxa, Heydorn et al. (1975) proposed new specific
pnames 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
(1977) carefully reviewed and discussed the nomenclature of Sarcocystis 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 gencric designations, we consider it in the interest of
conservatism, communication, and future expandability 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 primitive 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 intramuscular cysts of Sarcocystis were first described by Miescher (1843)
in skeletal muscles of a house mouse, but no scientific name was given. When,
in the following years, similar cysts were observed in muscles of other vertebrates,
they were referred to as Miescher’s tubes, Rainey’s bodies, or psorospermes
(itching seed — an archaic term for protozoan tissue cysts). Binomial terms
were first used by Lankester (1882), who proposed Sarcocystis miescheri, thus
introducing a genus and a species. This naming was incidental to describing
a blood 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- To be considered as nomina dubia New species names
mediate
host
Sheep Sarcocystis tenella Moulé, 1888 Sarcocystis ovifelis Heydorn et al.,
Syns. Miescheria tenella Railliet, 1886 1975 for the sheep-cat cycle
Balbiania gigantea Railliet, 1886 Sarcocystis ovicanis Heydorn et al.,
Coccidium bigeminum Stiles, 1891 1975 for the sheep-dog cycle
Isospora bigemina (Stiles, 1891) Liihe,
1906 pro parte
Cattle Sarcocystis hirsuta Moulé, 1888 Sarcocystis bovifelis Heydorn et al.,
Syns. S. fusiformis Railliet, 1897 of Babu- 1975 for the cattle-cat cycle
dieri (1932) and following auctores,  Sarcocystis bovicanis Heydorn et al.,
S. blanchardi Doflein, 1901 pro parte 1975 for the cattle-dog cycle
Miescheria cruzi Hasselmann, 1923 Sarcocystis bovihominis Heydorn et al.,
Isospora bigemina (Stiles, 1891) 1975 for the cattle-man cycle
Liihe, 1906 pro parte
Isospora hominis Railliet and
Lucet, 1891 pro parte
Pig Sarcocystis miescheriana (Kihn, 1865) Sarcocystis suithominis (Tadros and
Labbe, 1899 Laarman, 1976) Heydorn, 1977 for
Syns. Isospora bigemina (Stiles, 1891) the swine-man cycle
Liihe, 1906 pro parte Sarcocystis suicanis Erber, 1977
Isospora hominis Railliet and for the swine-dog cycle
Lucet, 1891 pro parte
Horse Sarcocystis bertrami Doflein, 1901 Sarcocystis equicanis Rommel and
Syn. Isospora rivolta Gassner, 1940; Geisel, 1975
Levine and Ivens, 1965 pro parte
Voles Isospora buteonis Henry, 1932 Frenkelia microti (Findlay and
Microtus  Syns. Toxoplasma microti Findlay and Middleton, 1934) Biocca, 1968 (type
agrestis Middleton, 1934 species) transmitted by Buteo buteo;
(field see Krampitz and Rommel, 1977
vole)
Clethri- T. glareoli Erhardova, 1955 Frenkelia glareoli (Erhardova, 1955)
onomys Frenkelia clethrionomyobuteonis Biocca, 1968; for description see
glareolus Rommel and Krampitz, 1975 Enemar, 1963; transmitted by Buteo
(bank Endorimospora buteonis (Henry, 1932)  buteo; see Rommel and Krampitz, 1975
vole) Tadros and Laarman, 1976

From this it is clear that the author apparently believed that the species described
parasitizes several hosts. However, we now know at least two species of Sarco-
cystis from the pig, two from sheep, and one from man as intermediate hosts,
and the list is growing. Furthermore, the description given by Lankester is
so deficient that it cannot now be identified with one taxon. As a consequence,
a type species cannot be fixed for the genus Sarcocystis from the first 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) Moulé, 1888 of sheep,

S. miescheriana (Kiihn, 1865) Labbé, 1899 of pigs,

S. hirsuta Moulé, 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 I.
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): I. bigemina var. canis, I, bigemina var. cati, 1. hominis.



J.K. Frenkel et al.

pasy jou saadg
SI2UI0 [BISASS PUY

s g
soroads
STUIWIOY  STUIHIOY SIUDD s1UDd S1MDo SUD? adAy siaf sipaf SOWBY M2U
sns g -1aoq S | -imba g -ms 'S 1aoq 'S -100 °§ MBN  -l0g g a0 g posodoid
Quims WO osioy  oums  omeo  dosys 201w ameo dooys 910AD
i je
Jo erpuodsoares Jo erpuodsosies o Dipuonsunry Jo erpuiodsosres QPIPUOUIUDE] (DusB]dOXO ], (DIIoUsIg aseqd 1s£)
pupiaslq | vuiuaslq -y punyadq J nuwasdlq 'y
Jo wuiog ofre] Jo w0 [rews Jo w0 23718] JO WIOJ [Tews
1sA0010ds 1sko0010ds 154500 1840030ds 184000

pateniods pajeniods paremiodsun parerniods poreniodsun
se pays se poys s3s£0030ds
1681 ‘1900 pue
PUB BIIEY a14nd 04d 9061 ‘OYNT ariod oud 8154000 }JO
S0y pAodsOSs] (1681 ‘so1s) vunuasdiq viodsosy 9061 ‘OUNT (1681 ‘s9[ns) vunuadiq niodsosy saweu pio
150y
uBN goq 1) Jeury

m suorreudisap mou posodord yum siskoorods o1 pardde sowreu pjo jo uonealiod ‘suewny pue ‘sop ‘siwo Aq penrwsuery dds sysdrooing

owog 7 el



121

Sarcocystinae

TRWIIUE JWEs JY) Ul INd00 01 Padadxs aq ueos saroads

Y10q ‘SUOTOIJUI [RINJRU PAPNIS Aay) asnedagd (91040 ,180-daays,)
$au0 981e] 9 Jo s1540 Furdo[aasp Junok Ajuo a1 1o ‘a[0ka
.Sop-daays, umouy Mou Y3 JO 3SOY} YUM [BOUIPL a1 (1]]aua]
DLIGYISILPY PI][BO) $ISAD [RWS PIAIISAO 3y} Jaylaym suorndriosap
1191 WOIJ 9pIoap 07 djqissoduut st it suy [, "¥eqlj S[OSNW B UIYILMA
doraaop s1540 f[ews pue d81e] Y1oq :sarpmis ordoosoIonu UoIda[d

WOIJ MOUY M SB J091100Ul SI SIY [, (Duviqivg W Suljeo 210)a10U31)

Jusst} 9A109U R0 ul sdofeadp 11 vyl WFnoy) A9y) euo adrel oyl
WOoI] "9uo PloAO 9518[ B puB U0 [[ews © :dosys uIyym s1s£o om]
PIAIISqO (MO pue WI[IeYy ‘suoneionb syl ur usss oq uevd sy

s[ew

-lue paroysnels
‘paloajul Ajjesnieu
Jo suoneredoxd
ysaiy ‘pezasnbg

s[ewr

-ue pasalysne[s
‘patosyul AJrer
-NIBU JO [RUDIBW
US2I] PUB SUOTIIG

s1154200405 21033 ne joM[d IeU)
-redde |1 aanjonas vs Ied onb SIOTe ‘DLAYISAIPY IUIF I SUEP 9)I8
-exed 92 J9SSBID 1BJ 18 T INSIFO UL JNPUT JeAk snou mb 00 189,

*** 5313 RAJ JUOUIA|]A] ‘SOIFRLy JUSWAN

X3 JUOS S[I0 $30 JUSWISINSS "soTeI [ sannaed sa ans anb sayuray
-x2 $9] s19a o1uairdde snid dnooneoq ‘o9 JusWAINNEI JuLIg
-LIOW QUTL P $3INOJUL JUOS $9)12,1b 1104 U0 ~*-s1103 snjd sjnosfgo
$OP D8A® SUIEYXD $9] w0 1§ -of1v] op 1 00 ® 09 2p 12 Fuoj op
SIRUWIIW ¢/, SUUaA0WN U2 1S3 UOISUAMWIP 1o *** yurwid nesos
-Tey 9f JUdNEIP 10 ‘dwiopisny 10adse un juduuald sa[[o ‘ayupe 1wy,
® STBW {SaPIoA0 ‘sanad juos soffo ‘aunal 1819, v 11101 sedud

8881 “QINOIN vfjaud; sys200i0§

‘wa1up 313 PIUPIqIDG WOU 3] SU0S

‘ssrueiqeg sof ruired uojnow np ofeydosso,| ap swwsadsorosd

e[ asse[o of ouns sed 9o ‘yuowonbriougs toredys saf ap Iqissod
108 [1,nb sed ssuad su of ' sowrs0] xnop sap uosieredwos sardy
DISIYUE 19 20Ul 2ddO[PAUS, P SUBIGUIAW BS 19 JIIOUO[UOO nssyy

o] suep 9391s uos Ied 9sLIPIORIRD ('|g Y VIUDIGIDG) 21U2F NBIA
-nou un,p odA1 9] SOTUDLASP JUOS 19-83]|97) NoinoJuey un,p
UrIsalUL] 9P Xnanbnw-snos J1ouofuoco nsst) o] SUEP S32AI8G0 B
preyourlg "I anb sarprrodsooies s91 00w 1uaIyo o ipe| a9ud g

(vjjauar vitoyosatpy) 21eoy]|

-9p SUPYOSAIIA 9P Wou J[ Jouuop jermod uo apenbe] g ‘dfpAnou
anbyyoads surioy sun 19n1sUOD SINS|[TE, P Wered oW o[[ "PLRYD
-uelg Y pieyasarpy 21ued ne oyns yed jusnredde oo roounu souy
sueiquaw sun addofpaus anod € ‘9XBIIN0D NE “‘WOINMOW NP J[[3))
‘(191soquRT Koy 149y0S

-1y S11S4200.415') YIS Op 91£00018S Op WIOU ] Iy pInof
-ne duuop Iy uo ***o1od np orurtadsorosd vy v 1] o8ed e

9881 “IU[IRY Pjjoudi S1SA20040§

Apnis ut
mpgnop st uonduosep sty Aym suoseay]  pakojdms spoyIsy

uondruossp saads [ewdLIo 2y Jo 1x9],

jnjignop st uondiiossp Aysm suosess pue ‘Apnys ur pekojdius spoyiow ‘suonduossp [pwSLQ € AqEL



J.K. Frenkel et al.

122

‘Krevsurzadxa pajednseaut sowads suysdo

024178 UIAOQ QA1) Y} Jo Aue 0] puodsaizod jou pnom I1 9o
-SNW [B19[3S Ul 10U PUB JBIPIBD UT A[UO SINDO0 PISPUI 12149 °S J1
"2]qeuos

-B21 1SOW 3} 2q P[NOM YOIYMm ‘T3oM]Iaq PIXIU d1am s310ads 12110
0M] ) JO $1SAD 198unok I9YIUM IO 9[0Kd Fop-o[ied, a3 Jo
s1154202405 243 YNM TOr02Jul aand B pRY UUBW[ISSLL IoGIoum
aptoap 01 orqrssodur st 11 ‘roded oyl ur usAI§ sainjoid oY) wol,]

soge snoLea Jo
S[EUIIUR Pa1ojul
AfjeInieu WOy
J[eshw dBIPILD

JO SUOIIV9S UIZOIY

‘oy[e} op o[nosnw onno renbrenb we opuen
-IOJUD 3§ OBU ‘0BORIOO OP BUIAYOUSIed oU 9pos Bns wio} ‘odnd
-00 aw eio oanb op ‘ousered (-sesorrwAyousIed $90827] :Z[¢ a8rd

"t E76] 9P OIqUIDZI(] AP ODIPIN [ISelg ou

seorqnd ziy anb erAs1d 810U W ‘ISMLD PLBYISIIY P OBIBRUTWOUIP
® QOS ‘BAOU 23SSBISPISUOD B nd onb wvred nojseq onb o ‘soudoid
SOBINIONIISY $OI0108IRD ARIUasaIde ejisered swadse v :f[g¢ oFed
9761 ‘UURT[ASSBH J23e PIID)

€761 ‘UUBTH[ISSCH 12110 DIdYISITN

‘poudisse oq

PINOUS pinsdiy S SWeu Yy} $910ads 1eym 01 9pap 01 aqissoduul
ST 31 SNYT, "TeWIUE PIJOIJUT A[[eIn)eu © UIGHM INod0 Arw $310ads
9211} [[B 1Y} MOUY M SUONESNSIAUL INO WO, suoisniloxd oy
-128uy Yim readde Aeur a11180 Jo s1sA2002405 JO $2100dS 921Y) [
‘suorjeirdard pazaonbs ur 9sNBIIQ [NJIQNOP SUIBLUSI SWRU STY ],

s[ew

-1ue pamysnels
‘paroaul AfjeInjeu
Jo suoneredaxd
say) ‘pazoanbg

‘pgnsaqy dp 21uNdo,| s1s4200405 91125 € IOUTOP B

‘S0A19891 $9IN0] sNos “UTerofedus,w nb 22 ‘oinsiry 10adse un usu
-uop ] mb sawriojiy syusweduojoid sap no S[I0 $Ap " 90BIINS
e & onreredde 110A UO 10 9139U SUIOW JULIASD ‘InaLigjul ueld un
INS JUBANOX] 98 QQI[IO 2INPIOq ©] ‘ONDLIIJWOIOIW SIA B[ ISLIBA TUR
-SIBJ US * " JUSUIASSISSOIT 110J ZISSB UN B JUTUIBXD $O[ UO 1§ ***SjuR[
-11q syutod sinaisnyd op snainod SOULIONO[R] NO SOULIOJIUL SI[NOS
-ndxoo sop worssaxd e red toddeyog assre] Inb ojue)sIsar zosse
99110 SUBIQUIAW JUNP $IFINOIUD JUOS S3[[@ *"sjiruLid xnwaosie)
S3P JINOLIQIUL| SUBD SOQNIIS JUOS SO ‘SI[d SUILHOD {JIAQYD B[ 9P
sa[[90 ap dnooneaq justooidder s syurA0q sop SAIprIOdsoores sIf
‘SUOTSUOWIP INJ[ IBJ :(Soul] om} 1se[ o) yim Sutuurdaq) g1 o3ed
8881 QMO vInsty susd2004vg

(vjjoua1 °§)
addojeAud p sueIqUWIOW INS[ 9P NITRIJ B 19 ISSBII[IP B[ UG
astIgloeIRd b (910019p) PYjou2y Sp YN, (IRI[[IeY N IUSW

-oAnTuiId 29Uuop et Ind] onb 219Y31dy, [ 19AIISUOD INS] 9P UOQ
NeIas |1 sysd2024pg 21uad 9 suep sagfuer JjoAe s9 sxde.nb ‘sior
af ‘uonowr np soIprrodsosres sof 00AR Il US Inod *+° 1| a3ed

[apqnop st uonduosop sIyl Agm SUOSBIY

Apnjs ur
pakorduro spoyN

uondrosap seroads [RUISIIO Y} JO X3,

(panunuoo) ¢ aqe],



123

Sarcocystinae

‘PauBIsSse oq PNOYS 1Mp4143G 'S IS0

[eul} ay) Ut seIngre Aq £]98a%] PIIBIULISJJIP SISI0Y JO

sa10ads 55202405 UMOUY MOU 3] JO YoIYm O] [BIISTBUL PIJOIJUL
Ajreanizu S1y) WOIJ ap1odap o} s[qissoduwr st 31 sy 'paupep AQjusn
-yyyus jou st serads s1) ey sAvs royine ay) uonduossp syl uy

Adoosox
o1y Jydn 10§ jeu
-31eW PAUOI}IIg

"SIYONBIYOS SOP SUNISTIUIeY 1P pun

BINONINY) I9P ININIISUSYDQEIS AP YIIS 19pUTy I yony Wl (-4
UO0A 93UB] U UDYDIDLIS dYONRIYOS L] "USY2)S NZ dYBU JYss
DuLIaYIsatM S USTUNGIRIISOE USP Yoru Julayos IV ai(] yey
1ovIqod opunyuaIprrodsoxIes 19D 191qOD) WP JNB ILIYOSII0
UaBIZUIS UaP ISR JUYSZIYE[ WRUID 1198 IOYO[AM “SIBYOSIO J USF
-uafsap uaigyg 0z As suusuaq pun ueqef nz usweusarzadg udUw
UYIs FUNUYDSIZOY UBJSsIzEd 19D W 1Y UALIBISLISIOLIRYD pueg
-fuadun yoou squiplaf[e rasatp ‘1oulieod any s oty yoy (g[2 ¥ed

1061 “WIB[JO(T 1MDAI439 $HSAI0IUDS

‘Tiea 1840 yloows ¢ Jo soueieodde

oY) Sunjussaid ulvge snyj ‘1040 POPJOj SUL00aq A[[BNIUBAS 9[0AD
Jurw-8id, oy Jo 81540 jo suoisnnead ot ‘owin SWOS IOY JRIUIS
31o0] pue suoisnnoid oY) dofaasp Yyoq A>) Ananjewt Yam ysnoyl
IV ‘Sunoh uaym [[em 184> JI00UIS B DABY 110q 9SNEBIAG I[0AD
,Bop-81d, ay1 10 9paho  urw-31d | dy) Jo s15A0 oY1 PaAlesqo pey
Uyny Pyjaym apmep o) aigissodiay st 3t uondiiosep syl wolg

s[ewt

-TUR Pa1OYul Afjel
-MIBU WoJJ 51540
ysaJy jo suoi
-eredoxd pozosnbg

T uowwiouagIqesm uoppjlowiwi] Uoa Sueyuy uayaydaf

SUYO URIGIUISWNE] 3SO[ININNS JYOBJUID JUIS INU YIMBIYDS 1P
Suntorjos] 1eSIPURIS[[0A 194 UII 9qBY US[[B] USYDIOI[YBZ IUIS U
"UDIQYITUR 1SQ[OS AP[IqL) WSP IS (ep ‘usuuQy nz usfnoziaqn
UOAEP JOQEB [OIW JUYO “Uoyosos [YorJ[D1A Temz [T 5GeY ‘USJ[0S Tidq
-ouIm ayonyos usYds, JoYosaIjy Jop Jod1y uszues uop aydfom
“U91SIOQISWWIN]] '~ UJUYBMIS ISIONZ AdUIRy UOA (] — "USUYdIeZ
-0q NZ WRUDLYOSW ( wmndyoudS sie 19%N00PIUT USISId Waiyy
(oru pun UsgRIyosnzue §unyjes) uojuteusd Jop oIs ‘UdIe[yosion
IOUEP LT 2)YOOLL JPJIGIL) UIPUIYDIS 3Py Ul Jap S3Yd1yosasiny
-epN Jap Sunseppny wefpurisiioa iz sig 1g . oFed ‘6og) ‘WyNY
6681 940QqQeT PUDLIYISAU S1SAI0)1DS

S981 "UYNY WNUDIIYISIU Wl AYouds

LL6T “1e 39 Sxreuwssi(y aes ¢ (sypgng snppgng) orelyng
I01BM UL PUNOY SHSAI004pS BYL JO SUO 01 pouBisse sI so1oods STy,

‘ySuo( ap red sapyng s9y

INS BAB[ B S39AIOSQO 932 JUO INb SoWQUI SO] TUSW[] BJQUUSSIBIA
JU0s 8y “Studofisnf vlumqipg wWou 2 snos - 1pudisep sa) mad ug
W B 7 9P WRWIXeW InofIe] sun Ins Inonguof op Wl G  §
weudwne - opIng np e8eydosao,] suep sIeN0ar " 1//¢ ofed

10[rjynq Iajem dY) 10J paqLiosep
‘1oremoy ‘sem Y “(ZE6) ‘LeIpnqey Jo 10110 243 0} onp sdeyiad)
apes ut onisered oq o) (A[sno2uoird) 1gSnoT) sem samvads sy

L68Y 1NNy swstofisny (vruvigIng ) $sdr004n8




(6581 ‘Bunirey

{8961 ‘W00Q3s00y) 1udisisuoout readde 1ou op sjuawAINSBIW

Y] ‘¢HQ] Ul SIUSUWIDINSBAUWL JO AOBINOOR UIRLIDOUN 2Y] pue soubru
93] UL SOOUAIJIIP Y] JO MIIA U] "BSWILD) YIM PIUTE]S SWL UOTS
-saxduit PatIp ur ssauNdIY) ur wi 9—p pue YISUI] ul wil 91— 2xe
sou0zApRIq (9/61) [PuUalg pue ziny o) Surprosoy wr g/ —1'9
SB PRINSBIWL 910M sa1hoonow Ajqrqoid 21om TRYA "SSOUNOIY] UI
wil $°6-7°¢ pue y13uoy ur wirl g'z[—9°L Se (;ourfes ur 221] 1840 up)
2118 YSIJ OY1 UT POINSBI dJom SANI0ZAPeIq A[qeqoid o1om J1BYM

J.X. Frenkel et al.

Wi O17—Gf SB UQAIS Sem SSauyoIy) 18A0 oy T,

‘umouy

10U ST 180Y [RUT] 31 ‘(9/61 ‘[9Ua,] pue ZIny (24013500 'H'D
¥ Aq payddns gopzz—L9 °pys) wrl ¢ noqe suonoafoid snofa
Y1 pue I9PWERIP ul Wi §/ X 79 PAINSBIW 1545 [qeIA ® pue YIfus|
ut ww 7 01 dn Ajqissod parnseowr s1sA0 POIJIO[eD 93 {93SSIUUS T,
98Py JBQ UI 9SNOW AIOJRIOQE] B UI POAIISQO sem suonasford
SNO[[IA gNm sp2s4202408 "YI00WS aIw $9193ds 9A0QE 3] JO S[[em
1880 Y L, “(£L61 ‘@I®]|BA) 198u0] A[Jeuoise00 pue Wi 08—69 X (77
P2INSBIW TTBMBE] UI §180 AQ pa1jrwisuer) sa1oads e jo 1840 oy
(LL6T ‘Aepuny) wH g9—(¢ X ww '] 01 dn PaInsesw eruetuse |
woij avpunfjoy-avaou 01 Aq pa1IIwIsSuBI] sa10ads IejiuTs

JO 81840 9y, (LL6] ‘PuId)) W O£—(07 X 06—08 PUNSEIW BINBAO]
-SO29Z)) WOIJ (MO UIRq) pg/v 014 ] Aq PINTWUSURI) DSI2dSIP S

Jo 53540 9y [, 'y18ud] ul wWw g—¢ 03 dn JuLmseaw SISA0 YIm
so109ds umouy A[juasaid A[Uo ayl St sznu "§ C(SHMOSHUL SRJAT) 201K
Woxy umouy s1s42024p8 aAly 243 Jo auo A[uo o3 sarpdde £Fojoyied
pue A8o101sAyd Jo 10ss9joxd e AQ wOTIIIOSOp JUA[[0X ST,

[BLIdJBW US2I] JO
Adoosoorur 131y
pue uornpadsu]

. "1€00°0-LT00°0 UoA

JIQILIRA TOSSOWDIN(CT I 9gQIL) IapuaqIR[qyoIof8 YOIz uoA
pun Yostgyds purs [qezUy I9IUL[Y UL 3LPUE * $Z00°0—¥100°0
UOA OYOI(T JOUR 10q “Ted ,,pS00°0-FE00°0 18EN2q 9FugT 21!
‘us80qo8 Frunrgjueldtu pun Yorug] purs uSIOW 21p : Qg S3rd

" URQesIOp JBYUJ 19D 1Y91SAq WIOWIQY USUSYOBqoFuSUIUIesSnZ
IspueuRILIUN 21M pun udlSupIpeF WOIp sne (oyong|yos Iop usd
-UnpueAy oIp 19PJiq URIQUIS]A 9SO[INIONIIS SBYIIND SYOBJUID Ul

LU Yed U gS/I-11/1 1938

-un 13gI1eq SYONEYOS 1P 3T AT " 15107 uouninuyosuryg
QIYOIS] USWINRIUSYDSIMY USSIgRII[oSasun Ul I0Yo[om

‘Iep YOMB[YDdS ** UIYOSLIPULIAD USUIS S[B UapE,] SUPZUIe Jdpof unu
4a1s 1[j21s dodSOI I Wwap 101U * 1591 19 Joyoem ur onsedpey
-STA] SIp S[e Sur[ 08 neUsF 181 Uope, sufezuld 1opal - 161 oFed

U TRUNIOU UOIS UR)OTIoA S[EUBDWLIB(] SO pun

214019s1adg Iop ‘SUOZIDY SOP SIP YOIUWEU “URMNSNIA USYIIIYNY[[M
-Un 9fe " Sy UaIRYDsag 9S31P UNSIOZ [[JYOIIMY SEP [ONE alm
08 UEYSNWUSFNY JIP ‘SaNYDISIL) PUN SOSTEH] SIP ‘UDIRIIUSIIXY
Iap ‘saydwiny] $ap URNSOA SUDI[JWES " IOY UIPE] USNIRIS YOI
-UIAIZ UDEIDMYD[IL UOA 9UIYNL 3q[asse(] 'usdny aIp Ur ** WSSO
I3p UIYISSTY $93J1041598 SOIRQIAPUOS UID S[[9,] SOP USYDIZQy WIaq
go1R[3 1w [3 " 'SnBJA ISP Junyonsisjup) 1ap 1o¢ 861 8ed
£H81 ‘Yoyosary Aq uondiiosep TewiSuQ

6881 29qeT (5881 ‘pIRydURIY) MM SSA2024D

nJqnop st uonduosap Sl AYm SUOSEIYY

Apmys ur
pakordwe spoyioy

uonduosaep sorads [eUISLIO 973} JO 1¥3],

124

(ponunjuoo) ¢ 3iqeL,



Sarcocystinae 125

It is readily seen that mome 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 of zoites: (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) Labbé,
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) Labbé, 1899

(Syn. Miescheria muris Blanchard, 1885
Coccidium bigeminum (Stiles, 1891) Lithe, 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 um) in fixed material. Ultrastructurally it is a
0.1 pm layer with irregular, bleb-like projections extending to a total
thickness of 0.2 um (Sheffield et al., 1977).
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Cyst measurements: Up to 5-6 mm in length, 100-200 pm in width. Cysts
contain thousands of bradyzoites measuring approximately 3 x 13—-15 pm?
in section and 14-16 x4-6 um 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) um
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 pm) and smooth. By means of electron microscopy a small number
of 0.6-3.0 um 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 (Canis familiaris)

Wolf (Canis lupus)

Coyote (Canis 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) pm

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 pum thick and radially striated. By electron microscopy numerous
3.8-5.5 (4.7)y um 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 (12.540.8) x 6.9-9.3
(7.8 +£0.6) um

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 faurus)

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 um thick and radially striated. By electron microscopy 4-7
(5.9) pm 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) x 7.7-10.8 (9.3 £ 0.5) um
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 pm) and radially striated. By means of electron micro-
scopy numerous 2.0-3.5 (2.8) um long, palisade-like protrusions without
fibrils become visible.
Final Host
Domestic dog (Canis familiaris)
Sporocysts: 13.1-16.1 (14.8 +0.8) x 8.5-10.8 (9.94+0.7) pm
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 (Qvis 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) um 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 um 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) um
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 caballus)

Cysts: Microscopic in size, up to 350 pm

Cyst formation in skeletal and cardiac muscle

Cyst wall: In formol fixed sections the wall of the cyst appears thin (less
than 1 pm) and is not striated. By electron microscopy a small number
of 0.4-2.0 pm 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) x 8.8-11.3 (10.0+0.3) um
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 x [5-100 pum

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 um 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)x10.1(+0.3) pm
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 pm) 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 pm in length appear. These processes
contain filaments arranged in pairs.

Final Host
Man (Homo sapiens)
Sporocysts: 11.6-13.9 (13.54-0.5) x 10.1-10.8 (10.5+0.1) pm
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. glareoli (Erhardova, 1955; Enemar, 1963) from Clethrionomys glareolus
(bank vole; Rotelmaus) 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 (Méausebussard), 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.
nov.

However, 1. buteonis was described from three hawks in California, Buteo
borealis (red-tailed hawk), B. swainsoni (Swainson’s hawk), and Accipiter cooperi
(Cooper’s hawk), and from a short-eared owl (4sio flammeus) from Seattle,
Washington. The sporocysts which were shed sporulated could, according to
our present state of knowledge, belong to either Fremkelia 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 Cyst formation in brain following
ingestion of cysts ingestion of sporocysts
species  Positive results Negative results Positive results Negative results
F. microti Buteo buteo®*  Falco tinnunculus® Microtus agrestis® Clethrionomys glareolus*
(Common Asio otus*® M. arvalis* Cricetulus griseus®
European Strix alucro? Apodemus sylvaticus* Meriones unguiculatus®
buzzard) Tyto alba® A. flaviocollis*® Cavia cobaya®
A. agrarius® Erynaceus europaeus®
Rattus norvegicus* Ovis aries®

Mesocricetus auratus®
Mus musculus®
Mastomys natalensis®
Cricetus cricetus®
Chinchilla laniger®
Oryctolagus cuniculus®

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

@ References: 'Rommel and Krampitz, 1975; *Krampitz and Rommel, 1977; *Rommel and
Krampitz, 1977; *Krampitz 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. glareoli or F. microfi.

Therefore, I. buteonis is regarded as a nomen dubium and application has
been made to the Commission to reject this binomial. Instead the binomials
F. glareoli and F. microti 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 Frenkelia because their life cycles are
not known.

Type species Frenkelia microti (Findlay and Middleton, 1934) Biocca, 1968
(Syn. See Table 1)

Intermediate Host
Common European vole (Microtus agrestis); for experimental hosts, see
Table 5
Cysts: 0.2-1.0 mm, irregularly lobate, in brain and spinal cord
Cyst wall: Irregularly folded bilayer, thin, less than 1 pm (Tadros et al,,
1972)
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Final Host
Common European buzzard (Buteo buteo)
Sporocysts: 11.7-14.6 (12.2+1.8) x8.7-11.6 (9.9 £ 1.7) pm
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 um, spherical in brain and spinal cord
Cyst wall: Irregularly folded with membrane and inner osmiophilic layer,
both less than 1 um thick (Kepka and Scholtyseck, 1970)

Final Host
Common European buzzard (Buteo buteo)
Gametogony in small intestine
Sporocysts: 11.3-13.8 (12.540.38) x 7.8-10.0 (8.8 £0.79) pm
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.X. Frenkel, Department of Pathology, University of Kansas Medical Center, Kansas City, Kansas,
USA

P.C.C. Garnham, Imperial College Field Station, Ashurst Lodge, Ascot, Berks. England

A.O. Heydorn, Institut fiir Parasitologie, Freie Universitit 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
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Table 6. Heteroxenous coccidia forming tissue cysts

Cystoiso- Toxoplasmatinae Sarcocystinae

sporinae
In cysts Bradyzoites only Metrocytes and bradyzoites
Propagative + + + + - -
stages in
final host
Oocysts Sporulated outside host Sporulated in gut
Cysts Monozoic Polyzoic Polyzoic
Location Lymphoid +|Many cells | Fibroblasts Striated muscle Neurons

? other cells
Wall Inside cell Includes cell Inside cell
Host cell + + Hypertrophy,| + =+ Hypertrophy,
nucleus hyperplasia lobulation?,

hyperplasia?
Genus Cystoisospora | Toxo- Besnoitia Ham- Sarcocystis | Frenkelia
plasma mondia

H. Mehlhorn, Institut fiir Zoologie II, Universitit Disseldorf, Diisseldorf, Federal Republic of

Germany

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

M. Rommel, Institut fiir Parasitologie, Tierarztliche Hochschule, Hannover, Federal Republic of
Germany

A. Ruiz, Facultad de Medicina, Universidad de Costa Rica, San José, 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 without a brief review of the genera
into which these species fit. Study of several species within most genera has
yielded complete life cycles, permitting re-definition of each genus and proposals
of new genera (Frenkel, 1977). The distinguishing features of the six genera
of 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:

. Lack of propagative stages in the final host

Sporulation of oocysts in the gut prior to shedding

Two morphologically distinct generations of zoites within the cyst:

The multiplying metrocytes present early

. The infectious bradyzoites which develop after an interval of several weeks
or months.

The Toxoplasmatinae show:

1. Several generations of propagative stages in the gut of the final host

2. Oocysts that are shed unsporulated

3. Polyzoic cysts that contain multiplying infectious bradyzoites only.

e W=
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A newly proposed subfamily, Cystoisosporinae, is created for taxa with
IONOZOIC 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. Hammondia 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 Toxoplasma which we regard as monospecific. However, Levine (1977)
considers Hammondia hammondi a species of Toxoplasma, 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 bovihominis and S. suihominis 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. bovihominis 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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unambiguously following the provisions of the International Code (1964), we
devised alternate means to express taxonomic information. It is our hope
that the precision and expandability of the proposed terminology will promote
the future stability of nomenclature of the Sarcocystinae and that they will
facilitate communication if generally acceptable.
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