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DISTRIBUTION OF SARCOCYSTIS
(PROTOZOA: SPOROZO0OA) IN VERTEBRATES
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Moscow

Abstract. A survey of Sarcocystis species parasitizing members of 3 orders of vertebrates is given.

Parasitic Protozoa of the genus Sarcocystis Lankaster, 1872 belong to the group To-
xoplasmaea. The taxonomic position of this group in the class Sporozoa is not yet quite
clear, since the systematic relationship between these protozoans and coccidians is not
known (Zasukhin and Kalyakin 1973). The sarcocysts were first described by Mie-
scher in 1843 and since that time they have been found many times in the represen-
tatives of higher vertebrates, including man, on the territory of all parts of the world.
In many hosts, including farm animals and man, the sarcocysts may cause pathological
state of different gravity including fatal outcome (Zasukhin 1972). The new data
on the life cycle of Toxoplasma gondii (Zasukhin et al. 1971, 1973) and subsequent.
revisions of the systematic position of Toxoplasmaea have increased the interest in the
biology of Sarcocystis in recent years. Several authors showed that the representatives
of this genus have the same life cycle as Toxoplasma, including the stage of gametogony,
which is concluded by formation of oocysts of the same structure as that of Coccidia
of the genus Isospora (Rommel et al. 1972, Rommel and Heydorn 1972; Faeyr
and Leek 1973; Vetterling et al. 1973; Wallace 1973; Vershinin 1973, 1974).
In our opinion, the protozoologists and parasitologists should pay more attention to
the genus Sarcocystis than they have done up till now.

In comparison with other toxoplasmas (Toxoplasma, Besnoitia)*, the genus Sarco-
cystis includes numerous species and most of them (if not all) show a pronounced host
specificity. It should be mentioned that no extensive and purposeful investigations
into the distribution of these organisms in different animals and elucidation of the spe-
cificity of these parasites using experimental methods have hitherto been carried out.
A survey of this group was published by Yakimov (1931) and Babudieri (1932)
and these organisms in birds were dealt with in the paper by Erickson (1940). All these
papers are out of date and many new data have been assembled since their publication.
In the present paper we wish to give a survey of hitherto obtained data on the distri-
bution of Sarcocystis in different animals and discuss the questions concerning the under-
standing of species concept of these protozoans.

Table 1 summarizes hitherto available data on all species of Sarcocystis, their dif-
ferent vertebrate hosts and geographical distribution of these parasites. It should be

*) We do not mention here the genus Globidium, since these forms have been little studied and it
has not yet been stated whether they do belong to Torvoplasma.
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lost spocies

Class Reptilia

Ordor Chelonia
Fam. Kiunosternidae
Kinosternon scorpioi-
des

Order Squamalta
Fam. lguanidao

Ut stansbieriana
Seeloporus occidentalis
biseriatus

Fam. Agamidan
Amphibolurns
barbatus

Table 1. Species of vertebrates serving as natural hosts of Surcocystis

Nurcocystis specics

S, gracilis

S. lucertae utae
S. platydactyli

scelopori

N. 8p.?

Fam. Chamaeleontidan
‘hainaeleo fischeri
multituberculatus
Fam. Gekkonidoe
Tarentola smavritaitien

Fam. Lacertidac
Lacerta ocellata

S. chameleonis

| 8. platydactyli

S. gongyli

Investigated region

Brazil, Mamyo

Island

USA (California)
USA (Californin)

Australia

Tanzania

|

|

Balearic Islande

Italy, Sieily ;

Authors

Lainson, Shaw, 1071

Ball, 1044
Ball, 1944

(sco Frank, 1066)

Frank. 1960

Bertram, 1892
(seo Frank, 19066G)

Trinei, 1910

290

L. muralia N, sp. | Lithe, 1800 (s0e Sénaud,
Puytorae, 1964)
S. lacertae Italy (Lombardia) | Babudieri, 1932
France (Clermont- | Sénaud, Puytorae, 1964
; KFerrand)
Fam. Boidae
Python spilotes | 8. pythonis Australin Tiegs, 1931 (see Frank,
(Morelia argus) ! 1966)
- Fam. Colubridae
Natrix natriz 8. sp. USSR Dylko, 1962
(Byelorussia)
Fam. Viperidae
Atractaspis leucomelas | S. atractaspidis Africa Parenzan, 1944 — 1946
(see Frank, 1066)
Class Aves
Order Faloones
Fam. Accipitridac
Leucopternis sp. 8. ap. Panama Darling, 1815
Leucopternis ghies-
brechti costaricensis ' 8. sp. Panama Takos, 1957
Accipiter gentilis S. sp. USSR Dylko, 1962
(Byelorussia)
Buteo buteo " 8. tenello GDR, USSR, Eble, 1961, Dy lko 1062
i S. sp. (Byelorussia)



Table I. (Continuation 1.)

Host spoecies ' Sarcacystiz speeies | Investigated rogion Authors

Fam. Cathartidae ,

TP e ety i s

Cathartes aura septen- | S. sp. - UBA Osterud, Bascom, 1828

trionalis S. sp. Panama Clark, 1920 (see Takos,
1957)

- Coragyps atratus S. sp. Panama Clark, 1920 (see Takos,
1957)

Order Gressores |
Fam. Ardeidac _
Ardea heroding *[ N. . | USA (Maryland) Clark, 1458

Order \nsecrves r

Fam. Anatidao
Anas platyrhynchos N, il USA | Riloy, 1869; Leidy, 1875;
Stiles, 1893 (seo Erickson
1940)
; USA Crawley, 1911
! USA Riley, 1931; Greon, Shil-
i linger, 1933, 1935; Shil-
linger, Wetmore, 1938
(see Erickson, 1940)
S. anatina Bulgaria Krause, Goranoff, 1933
(seo Krickson, 1940)
8. rileyi USA (Minnesota) Erickson, 1940
Canada (Edmon- Salt, 19568
ton)
USA (Louisiana) Chabreck, 1965
Anas platyrhynchos S. sp. Gormany v. Betogh, Dorcich, 1912
domestica | (see Erickson, 1940)
S. rileyr USA (Washington) | Hall, 1925 (see Erickeon,
. 1940)
Anas rubripes S. riley: USA (Indiana, | Mathews, 1930; Gower,
Michigan, New 1938; Beaudette, 1941;
Jorsey, Maryland) | Clark, 1957)
Anas strepera S. vileyi USA (Minnesota, Erickson, 1940; Me Do-
Utah, Louisiana) nald, 1981 (see Chabroek,
1965) Chabreck, 1965
Anas acuta 8. rileyi USA {(Minnesota, Erickson, 1940; Me Do-

Utuh, Louisiana) nald, 1961 (see Chabreck,
1965) Chabreck, 1965

Anas discors S. rileyi . USA (Minnesota, Erickson, 1940; Chabreck,
Louisiana) 1966
Anas carolinensis S. rileyé USA (Utah, MeDonald, 1961 (see
Louisiana) Chahbreck, 1965); Chab-
| reck, 1965
Anas clypeata | S. riley: - USA Stiles, 1893 (sce Erickson,
1940)
- USA (Utah, Rileyi, 1931; McDonald,
Touisiana, | 1961 (see Chabreck, 1965);
Minnesota) Erickson, 1940; Chab-
rock, 1965
USA . Bisenstein, Innes, 1956
! Canada Cornwell (see Chabreck,
i | 1965)
1 | !
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Table I. (Continuation 2.)

Host species

Mareca americana
Aythya fuligula
Aythya affinis
Aythya americana

Aythya valisineria
Bucephala clangula

Wild duck (species
not identified)

Sarcocystis species

S. rileyi

Order Galli
Fam. Phasianidae

Phasianus colchicus
Alectoris rufa

Gallus gallus

Perdixz perdix
Lyrurus tetrix
Tetrastes bonasia

Centrocercus uropha-
slanus

Fam. Meleagridae
Meleagris gallopavo

Order Cuculi
Fam. C'uculidae
Guira guira
Piaya cayana
thermophila
Order Grues
Fam. Rallidae

Aramides saracura

S. rileyi

S. rileyi

S. sp. USA

S, sp.?

S. sp.?

S, sp. Germany
S. rileyi USA

S. horwath Hungary
S. gallinarum Bulgaria

Investigated region |

USA (Louisiana)
USA (Louisiana)
USA (Louisiana)
Canada (Manitoba)

(C'anada (Manitoba)

Canada (Manitoba)

Authors

Chabreeck, 1965
Chabreck, 1965
Chabreck, 1965

Cornwell, 1963 (see
Chabreck, 1965)

Cornwell, 1963 (see
Chabreck, 1965)

Cornwell, 1963 (see
Chabreck, 1965)

Kisenstein, Innes, 1956

Clapham, 1957 (see Salt,
1958)

Clapham, 1957 (see Salt,

| 1958)

S. rileyi USA (Michigan)
Sarcocystis? India
S. sp. USSR
(Byelorussia)
S. sp. USSR
(Byelorussia)
S. sp. | USSR
(Byelorussia)
S, rileyi Canada (South
Alberta)
|
S. sp. - Panama (
o ]
|
S. corderoi ' Uruguay |
S, sp. Panama
S. aramidis Brazil

Kithn, 1865 (see Erickson,
1940)

Stiles, 1393, 1894 (sce
Erickson, 1940)

v. Ratz, 1908 (seo Erick-
son, 1940)

Krause, Goranoff, 1933
(see Erieckson, 1940)
Hawkins, 1943

Levine, Beamer, Simon,
1965

Dylko, 1962

Dylko, 1962

Dylko, 1962

Salt, 1958

Clark, 1920 (see Takos,
1957)

Vogelsang, 1929
Takos, 1957

Splendore, 1907 (see
Babudieri, 1932)
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Table I. (Continuation 3.)

Host species

Order Laro-Limico-
lae

Fam. Charadriidae
Vanellus vanellus

Fam. Scolopacidae
Gallinago delicata
Secolopax rusticola
Philomachus pugnax

Actitis hypoleucos

Order Columbae
Fam. Columbidae
Columba sp.

Order Psgittaci
Fam. Psittacidae
Forpus passerinus

Eupsittulla (= Ara-
tinga) auricapillus

Order Striges
Fam. Strigidae
Bubo virginianus

N, sp.

N, orileyi
S, 8p.

S. 8p.

S. sp.

S. sp.

S. oliverioi

S. sp.

S. sp.

Order Coraciae
Fam. Upupidae
Upupa epops

Order Colii
Fam. Collidae
Colius (= Urocolius)
indicus

Order Pici
Fam. Picidae
Dendrocopos major

Fam. Ramphastidae
Pteroglossus torquatus
Ramphastos piscivorus
brevicarinatus
Ramphastos ariel

Order Passeres
Fam. Furnariidae
Synallaxis erythrotho-
raxr

Sarcocystis species

Investigated region

Authors

USSR Dylko, 1962
(Byelorussia)

USA Erickson, 1940
USSR Dylko, 1962
(Byelorussia)

USSR Dylko, 1962
(Byelorussia)

USSR Dylko, 1962
(Byelorussia)

USSR Dylko, 1962
(Byelorussia)

Braazil

the Netherlands

(zoological garden)

USA (lowa)

USSR
(Byelorussia)

Afriea

USSR
(Byelorussia)

Panama

Panama
Yoguslavia (zoolo-
gical garden)

Pessoa, 1935 (see Takos,
1957) '
Rodhain, 1956

Vusse, 1966

Dylko, 1962

Fantham, 1913

Dylko, 1962

Takos, 1957

Takos, 1957
Herceg, Huber, 1967

Mexico

Selander, 1966 i
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Table I. (Continuation 4.)

Host species

Fam. Tyrannidae
T'yrannus tyrannus

Campylorhynchus
rufinurha
Campylorhynchua
chiapensis

Foam. Mimidae
Toxoxtoma rufum
rufum

Fam. Turdidae
Turdus merulu

. Fam. Teteridao
Quiscalus quiscalus

Cussidic mexicanus
Sturnella magna

Fam. Parulidae
Setophaga ruticilln

rula) pitiaguoni

Fam. Fringillidae
Iringilla coelebs

Emberiza sp.

be (-~ Myospiza

hiomeralis mevidiana)

Hedymeles ( - Pheueti-

cus) ludovicianus
Junco hyemalis
Volatinia jacario

B e —

Fam. Ploceidne
Pagser domesticus

Fam. Oriohdas
i Oriolus oriolus

e e e e i

204

Fam. Troglodytidae

| Molothrus bonariensis

Agelaius phoenicens

Compaothlypia ( - 1*a-

Conpabiine cannobing

o Saltator coerulescens
Ammodramus manim.

Sarcocystia speoies

Investigated region

S. sp.

S, 8p.

S. ap.

e ——— e

8. sp.

S, turdy

N, deboner
S. ap.

S, sp.
S. sp.
S. 8p.

N. setophagae

N, ap.

S. np..

S. ammaordreoani

- NL fuleatula

. Sp.

. jacarineae

S. corderoi

S. sp.

Authors

USA (Iowa)

Mexico
Mexicu

USA (Iowa)

Fuarope

Uruguay

USA (Maryland,
Pennsylvania)
USA (Florida)
USA (Maryland)
USA (Maryland)

Uusa

Argentine

USSR

| (Byuclorussia)

USSR
(Byelorussia)
USSR

. (Byelorusuia)

Mexico
Brazil

- USA

| USA (Marylawl)
. Brazil

Uruguay

USSR
(Byelorussia)

Vusso ot al., 1966

Selandear, 19565

Selandor, 1955

Vuase et al., 1966

~Rivolta, 1874; Brumpt,
| 1913 (see Babudieri, 1932)

Vogolsany, 1929

Clark, 1958; Zeve et al.,
1966; Fayer, Kocan, 1971
Simpson, Forrester, 1973
Clark, 1958

Clark, 1958

Crawley,Btiles, 1804;
Crawley, 1914 (see Erick.
son, 1940)

Barrows (sce Kriekson,
1940)

Dylko, 1962
- Dylko, 1962 !
- Dylko, 1962

Selander, 1955
Splendore, 1907 (sce
Babudiori 1932)

| Stilles, 1893 (see Erick-
| son, 1940)

Clark, 1968

Barretto, 1940 (see Takos,
1957)

| Vogelsang, 1829

Dylko, 1962




Table 1. (Continuation 5.)

" Class Mammalia

Host species

Fam. Corvidae
Garrulus glandarius

Corvus cornix

- Order Marsupialin

Fam. Didelphidac b

~ Marmosa murina {

Calvromys philander

Didelphis marsupialie

Didel phis rovrida

Narcocystis species

oot —— e ——

Investigated region

S, 8p.

S. sp.

USSR
i {Byelorussia)
- USSR
| (Byelorussia) |

e e i e | o . N

S, marmosae
S. garnkami

S. didelphidis
(most probably
Heanoitia was
coneerned)

N, garnhami

8. darlingr
(most probably

~ Hrsnoitia)

Didelphis uzarae '

!
— e 55 i

Fam. Nasyuridno
Dusyurus (= Satanel-

© Tus) hallveatus

Fum. Peramelidae
Thuylercis obesulus

Fam. Macropodidace
Bettongia lesneur

Petrogale pepicillatu

Muacroprs bennells

Order Insectivora |
Fam. Sorieidac
Norer araneus |

tia)

AL darlingd (most
probably IBesnoi-

S, sp.

- NL bettongiae

S. mucosae (syn.

1leocystis macropo- |

div, Haplogustro
cystis m.. Laympho-
cyatia i)

&, "p.

e e — - - -

Brazil
Brazil

! Veneznela

?
|
| British Hondurns
i Brazil (Sao Paulo)

. Brazil (Rio Grande
I do Sul)

Anstralin

- Dylko, 1962

| Seorzn, Torrealbn, Da-

|

Australin

| Australin

Australin

|
 Austealin i

N, minres

- S osp. (bat not

Orvder Primates

Fruin. Cercopitheculne
Muvaca mulutio |
{
|

LS. muris)

8. osp.

S. hortei

Czechoslovakia
USSH (Moscow)

s ———— o —— e — ———— ———— e ———

laboratory

Iahoratory

 De Korte, 1906 (see Man-

Authors

Dylko, 1062

Shaw, Lainson, 1969

Mandour, 1965; Shaw,
Laingon, 1969

gort, 1957

Mandour, 19056

Mater, Barretto, 1940
(see Mandour, 1965)

Helly Lage, 1968 |

Mackorns, 1968

Mackeras, 1958

Bourne, 1934 (see Mneke.
rus, 1968)

Blanchard, 1885 (sen
Murkoeras, 1958)

Triffatt, 1926, 1927 (sec
Mackoeras, 19568)

Catar et al., 1967
Kalyakin (unpublished
resulls)

dour, 1069)
Costelluni, Chalmers,
1909 (see Mandour, 1909)

———————— e . ———— = et e e i)
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Table I. (Continuation 6.)

Host species Sarcocystis species | Investigated region Authors
Macaca S. sp. laboratory Offutt, Telford, 1945;
mulatta Dubin, Wilecox, 1947;
Habermann, Williams,
1957
S. kortei and Northern India Mandour, 1969
S. nesbitti
Cercopithecus mitis S. korter laboratory Castellani, Chalmers,
1909 (see Mandour, 1969)
Africa Mandour, 1969
Cercopithecus S. kortei laboratory Castellani, Chalmers,
(= HErythrocebus) patas 1909 (Mandour, 1969)
Africa Mandour, 1969
Innus sp. S. sp. laboratory Do Korte, 1905 (see Babu-
dieri, 1932)
Species not given S. sp. laboratory Lussier, Marois, 1964
Species not given S. sp. laboratory ? Eisenstein, Innes, 1956

Fam. Pongidae
Species not given S. sp. Teichmann, 1910, 1912
(see Mandour, 1969)

Fam. Hominidae

Homo sapiens S. sp. Russia Lindemann, 1863
S. lindemanni Ttaly Rivolta, 1878 (see Yaki-
(syn. S. hominis mov, 1931) Later on,
Rosgenberg, 1892) Sarcocystis were found in
man many times in different
countries

Order Edentata
Fam. Myrmecophagi-

dae
Tamandua tetradac- S. sp.? Brazil Artigas, Oria, 1931 (see
tyla Helly Lage, 1968)

Fam. Bradypodidae
Choloepus didactylus S, sp. Panama Darling, 1915

Fam. Dasypodidae
Species not given S. sp. zoological garden | Eisensten, Innes, 1956

Order Lagomorpha
Fam. Leporidae

Sylvilagus floridanus S. leporum USA (Iowa) Vusse, 1967
Sylvilagus nuttalli S. leporum USA Frenkel, 1956
Oryctolagus cuniculus | 8. sp. Mauz, 1867 (sec Babudie-
ri, 1932)
S. euniculi (syn. Brumpt, 1913 (sce Babu-
S. leporum Craw- dieri, 1932)

ley, 1914)

Fam. Lagomyidae
Ochotona daurica S. dogeli USSR (Irkutsk Machulskii, 1947
region)
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Table I. (Continuation 7.)

Host species

Sarcocystis species

Order Rodentia
Fam. Sciuridae

Marmota marmota
Marmota caudata

FEutamias asiaticus I
nwtahensis

Fam. Cricetidae
Pitymys savii

Miecrotus arvalis

M icrotus agrestis
Clethrionomys glareo-

lus
Lemmus sibiricus
Arvicola terrestris

Cricetus cricetus

Cricetus griseus
Tatera sp.

Thallomys moggi

Oryzomys goeldi
Oryzomys capito

Fam. Muridae
Mus musculus

A podemus sylvaticus
Apodemus flavicollis

Rattus norvegicus

. Sp.

. tenella

. cufamis

S, pitymysi
S. sp.

. muris
S, 8p.

. Sp.
. MUriLs
. 8p.

. 8p.
. 8p.
. 8p.

. ericetuli
. 8p.

. Sp.

. muris

. azevedoi and
. OrYyzOMYos

. Mmuris

. MuUrs

. Muris
. 8p.

ntn

. 8p.
S. sp.
S, muris

. muris

Investigated region

France (the Alps)
USSR (Gissar
ridge)

Japan

Italy

('zechoslovakin
(zechoslovakia
USSR (Saratov
region)

| Uzechoslovakia
(Czechoslovakia

| USSR (Yamal)

USSR (Saratov
region)

USSR (Saratov
region)

China

Republic of South
Africa

Republic of South
Africa

Brazil (Para)

Brazil (Para and
Amapa)

(Czechoslovakia

('zechoslovakia
| Mexico

USSR (Saratov
region)

USSR (Saratov
region)

USSR
(Byelorussia)

Australia

Czechoslovakia

Authors

Joyeux, 1927
Muratov, Kuyma, 1966

Taname, Oninami, 1940
(see Kudo, 1956)

Splendore, 1918 (sco
Mandour, 1965)

Sebok, 1960
Catdr et al., 1967
Krasnova, 1971

Sebek, 1960
Catar et al., 1967

Kalyakin, unpublished
results

Krasnova, 1971
Krasnova, 1971

Patton, Hindle, 1926

Viljoen, 1921 (seo Neitz,
1965)

Viljoen, 1921 (see Neitz,
1965)

Helly Lage, 1968
Shaw, Laingson, 1969

Blanchard, 1885 (seo
Babudieri, 1932)

Catar, 1958; Catér et al.,
1967

Sebek, 1960

Martinez, Roch, Varela,
1967

Krasnova, 1971

Krasnova, 1971
Dylko, 1962

Blanchard, 1885 (see
Babudieri, 1932)
Mayer, 1921 (see Macke-
ras, 19568)

Sebek, 1960
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Table 1, (Continuation 8.)

Host speeies

|
Rattus n. javaniicus

Rattus rattus

Rattus r. diardi |
| Rattus r. brevieandatus

Rattus assimilis
Lophuromys flavo-
punclatus

Fam. Hystrieidac

Hystyiz africae
australis

Fam. Caviidae
| Curia cobayn

Fam. Echimyidac
Proechimys guyanensis

Order Cetacen
Fam. Balaenopteridue

Balaenoptera borealis

Sarcocystis species | Investigated region |

S, tenella
a"'- mﬂf;ﬂ

S.osp.
S. tenella

S.
I

[ir.

. pitymysi

S, oap.

S. proechimyos

S, balaenopterolis

j Order Carnivora
i Fam. Canidae

Canis familiaris

Nyctereutes procyono-
ides

e

Fam. Mustelidae
Mellivora capensis

Fam. Viverridae |
Hrelogale poreula

' Mungo mungo

| ——— e e

Fam, Felidae

Felia catus (. domes-
ticn)

Panthera leo

I 8. sp.

NS

S. !i-ll.

- S|

- Rli.

Authors i
|

" Tndonesin (Java)

Australia

. Indonesia (Java)

Australin
Kenyn, Malawi

Republie of South |
Africa '

|1
i
I

ot al., 1957)

| Brazil (Amapa, I

Belem and Para)

not given

Germany

Tndin (Madia- |
Pradesh) |
USSR (Primorye)

——

l
Republic of South |
Africa |

Republie of South
i Africa :
i Republie of S8onth
Africa

! Germany

L UsA

India (z0ological
garden)

- —— — - - R e —— & =

' Sahasrabudhe, Shah,

: Eicenstein, Innes, 19506
Bhadavdekar, Purchit,

Holz, Liem .Jan Sioe, 1965

Blanehuard, 1885 (see Ba.
budieri, 1832)
Pope, Bicks, Cook, 1057

Holz, Liem Jan Sioe,
1965

Pope, Bicks, Cook, 1957
Mandour, 1965, 1966

e ——— e -

Viljoen. 1921 (see Nnitz,
1965)

Scuglia, 1930 (see Bcorza

Shaw, Lainson, 1969

Akao, 1970

Krause, 1863

1966
Britov, 1970

Viljoen, 1921 (ser Neitz,
1965)

Viljoen, 1921 (see Neitz,
1965)
Viljoen, 1921 (see Neitz,
1965)

Kranse, 1863

1963




Table I. (Continuation 9.)

i Host species

ks e - s — —_—

‘ l
; Order Pinnipedia
Fam. Otariidao

Otaria (= Zalophus)

califoriiana

Fam. Phoeidae
Phoca richardi
Palaemon rectirostiris

Order Perissodaec.
tyla
Fam. Equidae

Kquus caballus

Kquus asinus
E. caballus > E. usivus

Equus burchelli

Order Artiodactyla
Fam. Suidae

Sus serofa domestica

Hylochoerus meinertz.
| hageni

- Phacochoerus aethio-
| picus

Fam. Camelidae
Camelus dromedarius

Lama glama

_— -

S, ap.

S, hueti

Sarcocystis species  Investigated region

i
i

Authors

richardii

-

S. sp.?

bertrami

S. bertrami
S. bertranid

S. sp.

8. mieschericnia

S, cumeli

&, sp.

S, aucheniue

Bering Sea

Ital A
Panama
Tanzania
(Serengeti)

Germany

‘ Kenya

| Congo (South
Catanga)
Uganda

Tanzania
(Serengeti)

i Eg"pt

zoological garden
zoological garden

|

" Huet, 1882 (see Babudie-
ri, 1432)

Blanchard, 1886 (soe
Babudier:, 1932)

Hadwen, 1922
Henneguy, 1882 (seo Ba-
budieri, 1032)

|
| Doflein, 1901 (see Babu-
dieri, 1932)

Babuidieri, 1932
Darling, 1915

Kaliner et al.. 1971

i Kiithn, 1865 {(sce Babu-

| dieri, 1932)

! Since that time Sarcocystis
have heen found in pigs
muny times in many eoun-
tries.

Kaliner ot al.,, 1971

Thils, Déom, Fagard, 1960

| Robins, 1968 (Sachs,
Sache, 1968)

Sachs, Sachs, 1968

Mason, 1910 (sce Babu-
thieri, 1932)

Rievel, Behrens, 1904
Brumpt, 1913 (sec Babu-
dieri, 1932)

Fam. T'ragulidac
Cervulus sp.

S. sp.

Indonesia
(Sumatra)

" Jough, 1913 (scc Babu-
dieri, 1932)
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Table 1. (Continuation 10.)

Host species Sarcocystis species | Investigated region Authors
Fam. Cervidae |
Cervus elaphus S. gracilis Germany and Ratz, 1908 (see Babu-
Hungary dieri, 1932)
', e. sibiricus S, grueneri USSR (Altai) Yakimov, Sokolov, 1934
S. sp. USSR (Altai) Levehenko, 1964
(', e. bactrianus S, ap. USSR (Tajikistan) | Krylov, Sapozhnikoyv,
1965
C'ervus dama IS, sp. [ Brooks, 1903 (see Babu-
: dieri, 1932)
Odocoileus virginianus | S. sp. USA Eisenstein, Innes, 1956
Deer (speecies not S. cervi Vietnam Destombes, 1957
given) |
Capreolus capreolus } N. sibirica USSR (Buryatia) | Machulskii, 1947
N. capreoli USSR (Kirghizia, | Levehenko, 1963
| Kochkar region)
Alces alces - S.osp. | Brooks, 1903 (see Babu-
dieri, 1932)
Rangifer tarandus | S. sp. Sweden (Laplandia)l Bergman, 1902, 1913 (see
! Gruener, 1927)
USSR (West Gruener, 1927
Siberia)
S. grueneri USSR Yakimov, Sokolov, 1934
S. sp. USSR (Amur Britov, 1970
region)
Fam, Giraffidae
Giraffa camelopardalis | S. sp. Tanzania Sachs, Sachs, 1968; Kali-
(Serengeti) ner et al., 1971
Fam. Bovidae |
Capra sibirica | N. orientalis USSR Machulskii, Miskaryan,
15 (Transbaikalie) 19568
and Mongolia
Capra hircus S. hirsuta (S. mou- | Europe Moulé, 1887 (see Badudie-
lei Neveu-Lemai- ri, 1932)
re, 1912)
S, tenella Ceylon Samarawcera, Kulasiri,
1969
Ovis ammon S. gusers USSR (Pamir) Krylov, Sapozhnikov,
1965
|
Ovis aries S, tenella (S. gi- Railliet, 1886 (see Babu-

gantea Railliet, dieri, 1932)

1886) Since that time Sarcocystis
have been found in sheep
in many countries.

Bos taurus S. fusiformis (S. Railliet, 1897 (see Babu-

blanchardi Doflein, dieri, 1932)

1901; N. eruzi Since that time Sarcocystis

Hasselmann, 1926) have been found in cattle
in many countries

Bos indicus S. fusiformis? Castellani, Sturgess (see
Scott, 1930)
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Table I. (Continuation 11.)

Host species

Bubalus bubalis

Bubalus cookei
Syncerus caffer

Gazella thomsont

Gazella granti

Gazella rufifrons i
Gazella gutturosa

Gazella subgutturosa
Gazella sp.

Kobus (Adenota) kob
Kobus ellipsiprymnus
Kobus defassa

Sylvicapra grimmia

Rhynchotragus kirkii
Raphicerus capensis
Redunca arundinum

Oreotragus oreotragus

Alcelaphus buselaphus

Damaliscus korrigum

Connochaetes taurinus

Sarcocystis species

S. siamensis (S.
babuli Willey,
Chalmers et
Marshall, 1904)

S. bubalis
S. sp.

S. sp.

S. woodhousei
S. sp.

N. gazellae

| S. mongolica

S, sp.
S. sp.

S. sp.
S. sp.
S. sp.

«

8p.
S. sp.
S. sp.

S. sp.

S, sp.

S. s8p.

Investigated region

e ——— i = s e s e s

Authors

East Africa
Uganda

Tanzania
(Serengeti)
Tanzania
(Serengeti)

Kenya

East Africa
Tanzania (Kili-
manjaro and

{ Serengeti)

- Kenya

| Mongolia

USSR
Kenya

Ugamla

Kenya

Tanzania
(Serengeti)
Kenya

Congo (Catanga)

East Africa
Kenya

Republic of South
Africa

Republie of South
Africa

Republie of South
Africa

Tanzania
(Serengeti)
Tanzania and
Kenya

Tanzania
(Serengeti)

East Africa
Tanzania

(Serengeti)
East Africa

v. Linstov, 1903 (see Babu-
dieri, 1932)

Since that time Sarcocystis
have been found in buffaloes
in many countries

Dogel, 1916

" Bindernagel, 1968; Ro-

bins, 1968 (see Kaliner
et al., 1971)

Sachs, Sachs, 1968;
Kaliner et al., 1971

Brooks, 1961 (see Kaliner
et al., 1971); Sachs, Sachs,
1968

Kaliner et al,, 1971

| Dogel, 19186

Benko, 1968; Sachs, Sachs
1968

Kaliner ot al,, 1971

Balfour. 1913 (see Babu-
dieri, 1932)

| Machulskii, 1947; Ma-

chulskii, Miskaryan, 19568
Levehenko, 1964

Mugera, 1968 (see Kalinor
et al., 1971)

Kaliner et al,, 1971
Kaliner et al., 1971
Sachs, Sachs, 1968

Kaliner et al., 1971
Thils, Déom, Fagard,
1960

Kaliner et al., 1971
Kaliner et al., 1971
Viljoen, 1921 (see Neitz,
1965)

l Viljoen, 1921 (see Neitz,

1965)

Viljoen, 1921 (sco Neitz,
1965)

Sachs, Sachs, 1968

Kaliner et al., 1971

Sachs, Sachs, 1968

Kaliner et al., 1971
Sachs, Sachs, 1968

Kaliner et al., 1971
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Table I, (Continuation 12.)

Huost specios Sarcocyastis species | Investigatod region Authors
VURD BV | — NS e ==}
Taurotraqus oryx S. sp. Kenya Kaliner ot al., 1871
Aepycerus melam s S. sp. Kenyan Mugera, 1968 (see Kaliner
et al., 1971)
Tanzania and Kaliner ot al,, 1971
Kenya
Tragelaphus seriptus S. sp. Congo | Thils, Déom, Fagard,
R - 1960
Cervicapra avundinum | S. <p. Africa FFantham, 1920 - 1922 (seo
Babudieri, 1932)
Antelope (species not S. ruandae Ruanda-Urundi Chiwy-Colbaek, 1926 (seec
given) Babudieri, 1932)
> e—— - e — e— e — e & =i Eee e e e i . i g it gt e ————

mentioned that the bibliography on Sarcocystis comprises many old papers published
in the last century, as well as thosce published in special editions, so that we sometimes
had no possibility to study the original sources. In such cases we had to use the refer-
ences cited in more recent papers of other anthors,

As it may be scen from the table, Sarcocystis is widely distributed among reptiles,
birds and mammals.*

At present, there arc 11 species of reptiles belonging to 9 families and 2 orders, which
serve as natural hosts of Sarcocystis. "The reptiles are parasitized by 9 species of Sarco-
cystis, though S. lacertae Babudieri, 1931 may be congidered a synonym of previously
deseribed 8. gongyli Tzinci, 1910.

Among birds, there are 71—72 species of 28 families and 14 orders in which 15 species
of Sarcocystis were found. However, 3 of them seem to be synonyms of the species
described earlier. These are S. anatina Krause et Goranoff, 1933, 8. horwat: Ratz, 1908
and S. gallinarum Krause et Goranoff, 1933 (they are synonyms of S. rileyi Stiles, 1893).
Besides, the name 8. tenella proposed for a species of Sarcocystis parasitizing domestic
sheep (Railliet 1886) was used in the deseription of the form parasitizing common
buzzard, Buteo buteo (KXble 1961).

The mammalians reported as natural hosts of Sarcocystis belong to 105—109 species
of 33 fumilies and 11 orders. They are infected with 45 species of these parasites. Some
of them are synonyms of previously described species, as 8. kominis Rosenberg, 1892;
S. leporum Crawley, 1914: S. capreoli Levstchenko, 1963: S. mouwlei Neveu-Lemaire,
1912: 8. gigantea Raillict, 1886: S. blanchardi Doflein, 1901 ; S. eruzi Hasselmann, 1926;
8. bubali Willey, Chalmers et Marshall, 1904 ; S. woodhousi Dogiel, 1916 and, possibly,
some others.

Besides, S, darlingi and 8. didelphidis, described in South America from three species
of opossums, namely Didelphis marsupialis, D. aurita and D). azarae (see Table 1),
according to their taxonomic characters do not helong to Sarcocystis, but Besnc
and should be synonymized with Besnoitia darlingi Brumpt, 1913. Probably also somu
other species, especially those found previously, may have been mistaken for related
organisms.

*) There was a paper reporting on Sarcocystis infection of 2 fish spocies, Salvelinua fontinalis
and Zoarces angularis (Fantham and Porter 1943). However, this single finding has not been con-
‘firmed by any of the numerous subsequent studies.
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Thus the total number ol Sarcocystis is now 70 species and 14 of them scem to be
synonyms. It should he mentioned that the organisms found in most birds and mammals
were described under the name Sarcocystis sp. and were not exactly identified. Obviously
far more species of Sarcocystis exist in nature than it has been known till now, since
a majority of specics of higher vertebrates have not yet been examined for parasites.
An important characteristic of parasites, which helps to determine successfully their
taxonomic position, is the degree of their specificity to the vertebrate hosts. In none
of the papers available on Sarcocystis the host specificity has been considered, i.c. there
are different ideas about the species concept and its criteria. As an example of contrary
opinions on this question may serve the views of Alekseev (1913) and some other
authors (including the contemporary ones) assuming that all formns of Sarcocystis belong
to a single species, in contrast to the authors like Mandour (1969), who desecribed
in one host species (Macaca mulatta) two species of Sarcocystis, S. kortei and 8. nesbitti,
on the basis of differences in their morphology and location, or Shaw and Lainson
(1969), who also described two Sarcocystis specics (8. azevedoi and S. oryzomyos) from
a single host (Oryzomys capito).

Recent papers dealing with the life cycle of S. tenella, S. miescheriana and 8. fusiformis
gave evidence that there are different species of Sarcocystis parasitizing various species
of animals and differing from one another not only in their morphology, location in the
host organism and association with different species of vertebrate hosts, but also in
their biological properties and details of life eyecles. The previously described speies
of Sarcocystis have not been studied from these aspeets and therefore only data on their
morphology, association with the host species and location in their organism have been
used as criteria for species determination. The data on morphology of zoites (spores,
merozoites) of different Sarcocystis species are given in Table 2 in the same sequence
as in Table 1.

As it follows from the present knowledge of Sarcocystis organisms parasitizing differ-
ent vertebrate animals, they differ considerably in the size of merozoites and this
character is sufficient evidence of the existence of many species of Sarcocystis. Of import-
ance are also the differences in the form, size and peculiarities of the location of cysts
of these protozoans (for details see Zasukhin et al. 1972, 1973). The ubove-mentioned
papers dealing with the elucidation of the life cycles of some species of Sarcocystis
supply an important material for further study of these parasites and elucidation
of their systematic position. These papers, along with those devoted to the cultivation
of these organisms in tissuc enltures (Fayer 1970; Fayer and Kocan 1971; Simpson
and Forrester 1973: Vetterling et al. 1973), revealed the possibility of experimental
study of Sarcocystis. They also showed that for further study of the distribution of
Sarcocystis, their ability to parasitize various species of vertebrates and their host spe-
cificity and, finally, for understanding of the species concept of Sarcocystis it is necessary
to study all stages of the life cycle of these protozoans, including the sexual ones. The
host specificity of Sarcocystis should be studied not only within individual systematical
units (taxons of one or another rank), but also within biocenotical units, i.e. associations
of species, primarily associations of species most closely related trophically.
siskery interesting arc the data on the peculiarities of sporulation of S. fusiformis (Fayer
sl Leek, 1973; Vershinin 1974) and S. fenelle (Vershinin 1973). According to these
authors, characteristic for Sarcocystis is the sporulation of oocysts and destruction of
their envelopes still in the intestine of the host, so that already sporulated sporocysts
with a marked envelope (about 0.5 i thick) are discharged along with the feces in the
outer environment. On the other hand, with the coccidia of the genus I'scspora, the oocysts
of which are in principle identical with those of Sarcocystis, the sporulation occurs
inside the oocysis with a thick envelope, in the outer environment. How much charac.
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Table. 2. Morphological characters of different species of Sarcocystis.

Size of zoites
Species of Sarcocystis (merozoites, spores) Original vertebrate hosts
in @
S. gracilis Lainson et Shaw, 1971 18.4 x 1.4 Kinosternon scorpioides
S. chameleonis Frank, 1966 10—13 % 2 (in musecles)
1014 x 3—3.8 (in blood) Chamaeleo fischeri
S. platydactyli Bertram, 1892 3—4 x 1; (4—10 according | Tarentola mauritanica
to Weber, 1909)
S, gongyli Trinei 1910 4—6 x 0.5 Lacerta ocellata
S. lacertae Babudieri, 1931 6.6—73 x 1.6—-2 Lacerta muralis
S. pythonis Tiogs, 1931 4—17 Morelia argus
S. atractaspidis Parenzan, 1944 — | data not known Atractaspis leucomelas
1946
S, rileyi Stiles, 1893 14—16 x 2—3 Anas plathyrhynchos
(8.156 x 1.63)
S. corderoi Vogelsang, 1929 3—6 x 1-2 Guira guira
S. aramis Splendore, 1907 4—6 Aramideis saracura
S. jacarinae Barretto, 1940 10.9—12.4 x 1.8—2.5 Volatinia jacarina
S. oliverioi Pessoa, 1935 3 x Lb Forpus passerinus
S. coliv Fantham, 1913 of two types: 5—7 Colius indicus
and 1.6—-2.56
S. turdi Brumpt, 1913 data not known Turdus merula
S. debonei Vogelsang, 1929 6 x 4 Molothrus bonariensis
S. setophaga Crawley et Stilles, 4.560—5.0 x 0.756—1 Setophaga ruticilla
1894
S. ammodrami Splendore, 1907 6 %< 4 Myospiza humeralis
S. falcatula Stiles, 1893 65—6 x 2 Pheucticus ludovicianus
8. marmosae Shaw et Lainson, 7.5 x 2.36 Marmosa murina
1969
S. garnhami Mandour, 19656 5.3—6.9 x 1.3-1.9 Caluromys philander
(Philander opossum)
S. bettongiae Bourne, 1934 data not known | Bettongia lesneur
S. mucosae Blanchard, 1885 9—12 X 4—56.6 | Petrogale penicillata
S. kortei Castellani ot Chalmers, 9-14 x 3 -4 Macaca mulatta
1909
S. nesbitti Mandour, 1969 7—9 X 2-3 Macaca mulatta
S. lindemanni Rivolta, 1878 4—5 x 1—2 (up to 8—9 Homo sapiens
in length)
S. euniculi Brumpt, 1913 13—-16 X 5—6 Oryctolagus cuniculus
S. dogeli Matshulsky, 1047 144—19.2 x 3.8 —4.8 Ochotona daurica
(18.0 x 4.0)
S. cutamis Tanama et Oninami, data not known Eutamias asiaticus
1940
S. pitymysi Splendore, 1918 6—-9 X 2—56 Pitymys savii
S. ericetuli Patton et Hindle, 8—10 x 2 Cricetus griseus
1926
S. azevedoi Shaw et Lainson, 6.8 < 1.4b6 Oryzomys capito
1969
8. oryzomyos Shaw et Lainson, 9.93 x 3.28 Oryzomys capito
1969
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Table 2 {Continued)

Species of Sarcocyastia

Size of zoites
(merozoites, spores)

in @

S. musculi Blanchard, 1885

8. proechimyos Shaw ot Lainson,
1969

S. baluenopteralis Akao, 1970

. hueti Blanchard, 1885

S. richardis Hadwon, 1922
S. bertrami Doflein, 1901

S. meischeriana Kiithn, 1865

8. cameli Mason, 1910
N wuchenia Brompt, 1013
N. grocilis Ratz, 1908

S. grueneri Yakimofl et Sokoloff,
1934

S. sibirica Matchulski, 1947

S. orientualis Matchulski et
Mysknryan, 1958

S, hirsuta Moulé, 1887
S, tenella Railliet, 1886

LS. guservi Kryloff et Sapognikoll,
! 1965

S, fusiformis Railliet, 1897

S. siumensis v. Linstov, 1903
§. woodhowsei Dogiel, 1916

S. gazellae Balfour, 1013

. S. mongolica Matchulski, 1947

- S, ruandae Chiwy-Colback, 1926

9—-16 X 2-3
8.67 x 3.36

65.0—-13.0 x 1.0—5.0
(7.7 x 2.3)
4—5
6—7 x 2—-3
16—18 X 3-3.5

13-16 x 2.0—7.3
(14.75 > 5.18)

duta not known
6—8 x 2—-3
10.8 - 15.6 < 4.8 -8.4

T 3¢ 1578

0.6--15.2 X 5.6—7.2
(10.4 x 6.4)
9.3 14.1 X 2.3—6.2

14.67 —17.0 x 4.07—6.25
(15.51 x 4.8)

13.04 - 16.3 X 3.26—6.25
(14.94 ¥ 4.16)

10.8 ~14.4 ¥ 48—-8B.4

-9 x 1-2
14—16 x 3.5—56.6
18—21 x 5—-17

16—-18 x 4.6
12—14
13--156 x 3.0—-4.5

120-17.6 % 3.2 - 4.9
(14.4 x 4.0)

9—12 x 1- &

Original vertebrate hosts

Mus musculus
Proechimys guyanensis

Balaenoptera borealis

Zalophuas californianus
Phoca richardi
J quus caballus

- Sus serofu domeatica

Cumelus dromedoring

L glevmn

¢ Cervus elaphus
i Cervus (’-Iupfnm sibiricis

Capreolus capreolus
Capra sibirica
Capra hircus

Ovis aries

Ovig ammon

Bos tavrus

Bubalus bubalia
(tazella grant:

Cazella rufifrons
GGazella gutturosa

antelope (species not given)

teristic are the peculiarities of sporulation for different species of Sarcocystis on one hand
and Isospora on the other has not yet been elucidated. Neither is it known to what
extent these peculiarities are present in various specics and gencra of Tezoplasma
and how typical they are of these protozoans. Probably just a detailed study of
this question in the biology of Texoplasma and Coccidia will enable to determine the
systematic relationship of these two groups of protozoans and will help gain an under-
standing of their taxonomie structure.
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Y HOSBONOYHBX IRHBOTHLIN

B. H. Raamwwn n /I Ho Bacysnn

Peswone. 1 pnpojurrest nepenenn, sigwon Sarcocystis, HApasUTAPYIOUINN ¥ IPECTHRITE, 1011

TPEX OTPILON NO3BOTOMHLIX.

REFERENCES

AKAO 8., .J. Protozonl, 17: 200— 204, 1970,

ALEXEEV A. G., Arch. zool. “oxpér. 51: 621,
191,

ARAI K.. Arch. Protistenk. 50: 213— 218, 1925.

BABUDIERI B. Arch. Protistenk. 76: 421 —
580, 1932,

BALL G., Trans. Amer, Mierose. Soe. 63: 144 10
148, 1944,

BEANDETTE K. k., Am. Vet, Med. Ass. J. 99:
52063, 1H41.

BENKO L.. Vet, Ree. 82: G256 - 627, 1968,

BIETINGH L., Zbl., Bakt. 1. (Orig.) 52: 566 — 573,
1009,

BHATAVDEKAR M. Y., PUROHIT B. L.,
Ind. Vet, J. 40;: 44—45, 1963.

BRITOV V. A.. Tr. Dalnevost. n. i. vel. insi.
5: 51--52, 1970.
CATAR G., Biologia 13: 216- 219. 19568

~, ZACHAR M., VALENT M., VRABLIK J.,
HYNIE-HOLKOVA R., PAVLINA M,
Bratisl. I¢k. listy 47: 226 234, 1967.

CHABRECK . 11, Trans. 30 N. A, Wildlifo
and Natur. Res. Conf. Stat. Chang. Env.,
Washington, D.C", 174 —182, Discuss. 182 to
184, 1965,

CLARK G. M., J. Parasitol. 44, Part 2 (Suppl.):
41, 1958.

CRAWLEY H., Proc. Aead. Nat. Sei.
delphia. pp. 457- 468, 1911.

DARLING S. T., J. Parnsitol. 1: 113120, 1915,

DESTOMBES P., Bull. Soc. path. exot. 50:
221 226, 1967.

DISSANAIKE A. 8, TAYASURIYA D. J. C,,
Ceylon vet. J. 7: 30—33, 1959.

DOGEL V. A., In: Nauchnye rezultaty zoolo-
gicheskoy ekspeditsii prof. V. A, Dogela
1 1. 1. Sokolova v Vostoehnuyu Aflriku i Ugan-
du v 1914 godu, Vol. I, No. 8: 13—19, 1916.

DUBIN J., WILCOX A, J. Parasitol. 33:
151153, 1947,

DYLKO N. I, Dokl. AN BSSR 6: 399--400,
1962,

EBLE H.., Beitr. Vogelk. 7: 317— 325, 1961.

EISENTEIN R., INNES J., Vet. Revs. and Ann.
2: G1--78, 1956.

ERICKSON A., Auk. 57: 514--510, 1940.

FANTHAM H. B.. Proc. Cambridgoe Phil. Soc.
17, Part IT1: 221—224, 1913.

~, PORTHER A., Proec. Zool. Sue. 113, Ser. B,

Part 1: 25 30, 1043.

Phila.-

306

FAYER R.. Science 168: 11041105, 1970,

—, KOCAN R. M., J. Protozool. 18: 547 — 548,
1971.

—, LEEK R. G., Proe. Hobninthol, Soe., Wash,
40: 294 - 295, 1973.

FLESH M., Zool. Anz. 6: 306-—-397, 1883,

FRANK W., Z. Parasitenk. 27: 317—3356.

FRENKEL J. K.. Ann. N. Y. Aead. Sei. 64:
215—251, 1956,

GILRUTH J. A,, BALL L. B., Proe. Roy.
Soe. Victoria 24: 432450, 1912,

GOWER C., J. Parasitol. 24: 378, 1918,

GRYUNER, Vet. truzhenik 3: 27-—30, 1927.

HABERMAN R. I., WILLIAMS F. 1%, Am.
J. Vo, Res. 18: 419 - 426, 1957.

HADWEN S, J, Am. Vet. Med. Ass, 61: 374.
1922,

HALL R. T., T. VParsitol. 11: 217, 1925,

HAWKINS I, A, J. Parasitol. 29: 300, 1943,

HELLY LAGE. O Hospital. 73: 277—293, 1968,

HERCEG M., HUBEI 1., lirkrank. der Zoo-
tiere. Verhandlungsbericht des XIV, Int,
Symp. Erkrank. Zootiere. Wroclaw. Berlin,
pp- 183 — 184, 1967,

HOLZ J., LIEM JAN SI0E, 4. Parasitenk. 25:
406—412, 1965,

JOYEUX C., Ann. Paras. humn. comp. 5: 381 to
382, 1927.

KALINER G., SACHS R., FAY L. D., SCHIE.
MANN 8., Z. Tropenmed. u, Parasitol. 22:
156 —164, 1971.

KRASNOVA A. M., Tr. Saratov. zootekhn. --
vot. inst. 21: 210—212, 1971.

KRAUSE W,, Z, f. ration. Mod, 3 Reiho 18:
136, 1863.

KRYLOV M. V.,
Tzv. otil. biol.
74—177, 1965.

LAINSON R.,, SHAW J. J., J. Protozool. 18:
3656 — 372, 1971,

LANG K., Arch. Lebensmittol-Hyg. 13: 77 - 81,
1062,

LEVCHENKO N. G., Tr. inst. zool. AN Kaz.
SSR 19: 244-- 245, 1963.

—, Tr. Inst. zool. AN Knz. 88R 22: 213 -214.

LEVINE N, D.,, BEAMER P. D., SIMON J,,
Progr. in Protozool., Abstr. of papers read
at the 2nd Int. Conf. on Protozool., London.
pp. 207—208, 1965.

SAPOZHNIKOV G. N.,
nauk AN Tadzh. SSR 2:



LINDEMANN (., Bull, Sve. Imp. Natural,
de Moscou 36: 425 —436, 1863,

LUSSIER G., MAROIS P., Can. J. Pub. Health
Hh: 243 - 246, 1964.

MACHULSKII 8. N., Tr. Buryat-Mong. zoovel.
inst., vyp. 3: 8792, 1947.

—, MISKARYAN N. D., Tr. Buryat-Mong.
zoovet. inst., vyp. 13: 207200, 1058,
MACKERRAS M. I., Proe. Linn, Soc. N. S, W.

83: 101 —125, 1958,

—, Proec, Linn. Soe. N, 8. W, 83: 126G 143, 1958.

—, Proec. Linn. Soe. N. 8, W, 83: 143 — 153, 1958,

MANDOUR A. M,, In: "Progress in Protozoo-
logy”, 2 Int. Conf. Protozool. London.
pp. 189 — 190, 1965.

—, J. Protoznol. 12: G606 — 6049, 1965,

—, J. Protozool, 16: 353 --364. 1969,

MARTINEZ B. M.. EUSTAQUIO R.. VARELA
(., Rev. mvestig. salud. publicn 27: 23 -2K,
1967.

MATIHEWS F. P.. J. Am. Ver. Med, Ass, 28:
706- 707, 1030,

McGILL R. J., GOODBODY 1_. A, Brit, Med. J.
K: 333 —334, 1957.

MURATOV E. A, KUYMA A, U, Izv, otd.
biol. nauk AN Tadzh. SSR 24: 103105,
1966,

NEITZ W. 0., Onderstepoort J. Vet, Res. 32:
180—374, 190645.

OFFUI'L E. P. J., TELFORD R., T. Parasitol.
31 (Suppl.): 15, 1945.

OSTERUD H. L., BASCOM K. F., Scionee 67:
631 —532, 1928,

PATTON W. 8, HINDLE E., Proc. Roy.
Soe. Ser. B 100: 387 390, 1926.

POPE J.,, BICKS V., COOK J., Austr. J. Exper.
Biol. Med. Sei. 35: 481 —490, 1957,

RETZLAFF N., WEISE L., Berlin u. Miinch.
tieriirztl, Wochen, 82: 283 — 286, 1969.

RIEVEIL H., Behrens, Zbl. Bakt, I. (Orig.) 35:
341 — 352, 1904,

RODIIAIN J,, Ann. Par. hum. eomp. 31: 5— 10,
1956.

ROMMEL M., HEYDORN A.0., Berl. u. Miineh,
tieriirztl, Woceh. 85: 143 — 145, 1072,

—, —, GRUBER F., Berl. u. Minch. tierirztl,
Woch. 85: 101 105, 1972,

ROSENBERG B., Z. Hyg. Tnfckt, 2: 435
1892,

RUIZ A., Ann. Trop. Med. Parasit. 6t: 429 1o
431, 1066,

SACHS R., SACHS C., Bull, epiz. Dis. Afr. 16;
456 —472, 1968,

SAUASRABUDHE V. K., SHAN H. L, 1.
Protozool. 13: 631, 1906,

SALT W. R., J. Parasitol.

SAMARAWEERA H. TP,
Ceylon J, Med. Sei.

441,

44: 511, 1058.
KULASIRL (.,
18: 4750, 1969,

Received 17 June 19474

SCORZA J. V., TORREALBA G. IF., DAGERT .
(. Acta biol. venez. 2: 97—108, 1957.

SKBEK Z., Folin zool, 9: 1—6. 1000,

STEDEL E., Arch. exper. Vet, Mod, 5; 769 7064,
1954,

SELANDER R. K., Am. Miulland Nat. b4:

_ 252--253, 1965.

SENAUD J.,, PUYTORAC P., Arch. Zool.
xp. Gén. 104: 182 —186, 1964,

SHAW 1. J.,, LAINSON R., Pamsatol, 59:
233 —244, 1969,

SIMPSON . F., J. Parasitol. 56: 607—613,
196G6.

~, FORRESTER D. J., Int. J. Parasilol. 3:
4067 —470, 1973.

TAKOS M. )., J. Parasitul. 43: 183 — 185, 1957.

THILS E.. DROM J.. FAGARD P., Bull. Soe.
Path. Exot. 53: 106 110, 1960.

TRINCTI ., Arch. Protistenk. 36: 311--353,
1016,

VERSHININ TI. 1., Veterinaria 10: 75-78,
1973,

. Yeterinarvia 2: 77 80, 1974.

VOGELSANG E. G., 7Z. Bakt. Parasitenk, I.
Orig. 113: 206 - 208, 1929.

VUSSE VANDE F. J., J. Parasitol. 52: 22, 1966.

-, Proe lowa Acad. Soi. 72: 524— 528, 1967..

VETTERLING J. M., PACHECO N. D.,
FAYER R., J. P'rotozool. 20: 613 — 621, 1973.

WALLACE G, D., Scienco 180: 13751377,
1973.

WEBER A., C. R. Soe. Biol. 66: 1061 —1062,
1909,

YAKIMOV V. 1., Bolezni domashnykh zhi-
votnykh vyzyvaemyec prosteishimi (Proto-
zoa). Solkhozgiz. Moscow — Leningrad, 1931.

—, SOKOLOV 1. 1., Berl. tior. Wochenschr.
60: 772—"774, 1934, ;

ZASBUKILIN D. N,, In: ,,Aktualnye problemy
toksoplazmoza', Moscow, pp. 137—147,
1972.

~ ARINSHINA G. T, KALYAKIN V. N,
SAVINA M. A, GRACHEVA L. 1, In:
»wltogi nauki 1 tekhniki. Ser. zoopnarazit,
Tom 3, Moscow, VINITI, pp. 7— 62, 1973.

-—, KALYAKIN V. N,, Proo. IV Int. Congr.
Protozool., Clermont-Ferrand, France, Sept,
1973.

.~ . AKINSHINA G. T., Parnzito), b: 302—
300, 1971.

«y ==y —, In: ,,Voprosy prirodnoy ochago-
vosti holeznei'' vyp. 5, Alma-Ata, pp. 100—
115, 1972,

ZEVE V. H,, PRICE D. L., HERMAN C. M.,
Exp. Parasitol. 18: 338 — 346, 1966,

V. N. K., Gamaleya Tnstitute of
Epidemiology and Mierobiology,
Academy of Medical Scionces of
the USSR, Gamaleya Str. 18,
Moscow 12-98, USSR

307



