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ABSTRACT

An investigation into selected aspects of the biology of aQian

Sarcocystis was conducted from May, 1973vto August, 1975. A total of 200
oW

birds was examined grossly and 885 of»those histoloéically for the
preseﬁce of tﬁe pérasite; Différent prsvalgnces were obtained far
seQéral species, and nine new host records for Saréocystis in bi;ds were
reported.

The prevaleﬁce of Sarcccystis in some anatids in Alberta was fqund

to be lower than that reported in-the same anatid species in two other

studies. Different migratory routes and different overwintering grounds
~ *

~—

for the ducks in gach of the three studies are suggested as explanatious
for tliese findings. .Tﬁis\hypothesis is supported by statistical analysis
of the'Qata for shovelers (Aras clypéata) and by failure to cdmplete the

life cycle of the macrocyst-producing sarcosporidian of shovelers in

Ty

mammals commonly found in the Temperate ione.

Histologic;l exaﬁination of muscle samples from all the birds‘forf
the presence of ﬁicrocysts showed that“prevalence data based exclusively
on the presence of maprocjsts are underestimations of actual prevalences
of infeotion in some hosts. Gross e#aminatioh by itself may indicate
that some.species are uninfected, when in fact they are. frequently
infected. |

An intensive study of the cyst wall was un&ertakén.with thet;ight
microscope. »Fwo fundamgntally different types of cyst wall were found;
they were characterized by  the presence, or absence;‘of external

villosities. -Within these two types were distinguished seven sub—typeéL

iv



Differences 1u cyst structure dl1d not depend upon the host species
infected.

Attempts to elucidate the life cycle of the macrocyst-producing
parasite of ducks were unsuccessful Eut preliminary results with a
microcyst-producing species in black-billed magpies (DL gi}})
indiéated a domestic cat-bird cyéle with the production of isosporan
cocysts which resembled those of Isospora felis. Confirmation of the

cycle by establishment of sarcosysts in pintails {(dnas acuta) and Japanese

quail (Coturniz coturnix) was unsuccessful.
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in ducks forming such macrocysts, and often the name S. "rileyi" has been
assigned to any avian sarcosporidian, regardless of size of the cyst or
_host infected (Salt, 1958; Cornwell, 1963). Conversely, some workers

have named new species solely on the basis of the host spécies infected

(Crawley, 1914). Many‘refer to Sarcocystis sp. when.discussing the
presence of sarcosporidiosis in the avian host. A more detailed review of
tEe_liferature on Sarcocystis is given in Appendix 3. A

P

: : §
The literature on avian Sarcocystis was reviewed by Erickson (1940)

and Updéted by Cérnwel% (1963). Both reviews are essentially checklists -
of hoSﬁs infected with-Species'of Saﬁépcystis. Most repofts are based on
'the.férﬁﬁitous fiﬁéing.o?imacrocysts while somé other. aspect of avian
bioibgy was being inveséigated; Since tﬁe invdstigators did not look fbf
.micrbcfSts, reliable»estimates ofvprevalence‘of this .parasite in Bi;ds'are
féw. The sﬁudiés of Sél%;der (1955), Chabregk (1965), Fayer and Kocan
(lei),‘and ﬂoppe (1976)’are exéeptiqns-to fhe occasional nature of this
reseaf;h{ | | |

A fufp%er result of the occasional nature of most avian Saréocystis
S?hdiés i; thg aBsgnée of'd;tailed s;udigs‘of the»cyst and‘its structures.
Thé.onl§ moaerg exéeptions are ﬁhe hltrastrﬂcture;studies of Zeve et al.
(1966§ and Simpéoh aﬁd Fbrres;er (i§73). Both these groups worked with a
sarcésporidian;found in grackles, but neither provided much enlightenment
on the biology of avian Sa?cocystis,

In view of the new information on the biéldgy of the mammalian.
speéies “f SafCocystis and the paucity of informatién on the avian

parasites of this genus, this study attempted to answer the following

questions:



What is the prevalence of Sarcocystis in different bird
séecies?

Is examination of birds for the presence of macrocysts

; réliable indication of the prevalence of infection?
What‘is the life cycle of avian Sarcocystis?

Are there differences iﬁ the structure of the microdysts?
Is Sarcocystis rileyﬁ a valid species, or is theré mofe
than bn;a‘ s.p'ecies of Sézrco,_cystis in birds?

Is there any pathology associéted with infection, and if

so, at what stage does it occur?

-



2. MATERIALS AND METHODS

Samplgs of striated muscle were obtained from a number of sources
including: birds-collectéd on scientific permits held by various
researchers, birds given to tﬁe University of Alberta by the Fish and
Wildlife Division of the Alberta Departmeht of Parks, Recreation, and
wildlife, birds from ‘hunters' bags andvfrgﬁ birds collected for this
study . Mény birds, especially. those obtained from the Fish andeiidlife
Division, had been dead and frozen for an undetermined period prior to
this étudy! Most samples came from the Edmonton region of Alberta, but
the blue grouse sa&ples came . from Vancouvef Island, British Cglﬁmbia.

All birds were identified to species using the‘Bipds of Alberta
(Salt and Wilk, 1966), and A Field Guide to Western Birds (Peuersbn,
1961) whenever an identity was uncertaiﬁ;‘ Scientific and common names
are given accordiné to thé checklist of the American Ornithological Union
(aou) (1957) ;nd an AOU supplement (1973) . Common namés only of birds
will be used in.the text; the corresponding scientific names are given in
-Appendix 1. Similarly, common names of mammals are used in the text and
scientific names appear in Appendix 2. |

When the entire carca$s was available, a section of péctoralis
muscle about one .to two équare‘centimeters in area was removed in a line
between the humerus and about a quarter Qf the distancewback along the

keel of the sternum. Hunters who were reluctant to allow such an incision

B

in the pectoralis muscles of their birds allowed the removal of a wing
from which samplés were taken instead. All samples were fixed in 107%

neutral buffered formalin, embedded in paraffin using standard hiétological
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techniques, sectioned at 6—-10 um, and.stained with Harris' hematoxylin
and eosin for routine examination for microgcysts of .Sarcocystis.

A bird was recorded infected with sarcosporidia if macrocysts were
visiblé in the flesh,»or microcysts were detected during histological
examinatién. One cross séection of the tissue having an area between oné
and two square centimeters was scanned at lOQX. All birds were qonsidered
to constitute part of a random sample with respect to the ﬁresence or
absence of sarcosppfidia except those macroscopically'infected birds
'submittéd by huhters.ﬂ These latter birds were not included in the survey
ra

cesults, but were used for feeding experiments.
"

[
s

As a check on the\reliability.of‘the method of;diagnoéis described
above, a second piece of tissue was removed from th¢ samples for each of -
125 birds and prepared for histological exaﬁination. Thig.duplicaté .
series, whiéh was selected rahdomly and ind;pendently of previous.diagnosis
of Sarcociystis, included‘samples from 40 blue grouse, and 85 sampples'

from other birds of various sﬁecies. In addition, samples from the

muscles 6f the wings, pectoralis‘complex, back, and legsvof the two
infected blackbifds were sectioned to determine if there was any site
preference by the parasite.

For céreful study of -the cyst wall, additional sections cut at 2—3um
were made’ of tissuéé found infectedAby the above method. To_demonstf;te
thé wall structure, the thin sections were stéingé\wi;h either of Harris'
hematoxyliqﬁand eosin, He;denhain's iroﬁ hepépd;yiiﬁkwpr Gomori's reticulin
silver. Photographs were taken with a Zeiss.photomicroscope using_quak
Panatoy}c—X'film.

Statistica} analysis of the prevalence data obtaiﬁed was caiculated

from 2 x N contingency tables using the x? test, or the G statistic



described in Sokal and Rohlf (1969). The Qalues bbtained with the G
statistic closely approximate x2 values, and are easier to ébmpute when
the‘contingedcy tables have more than two rows and co{umns (Sokal and
Rﬁhlf, 1969).> Levels of significance for the G value are read froﬁ x?

tables for the appropriate degree of freedom.

“ v

Attempts to elucidate the life cycle(s) of avian Sarcocystis were
“made by ad libitwn feeding of sarcocyst-infected flesh, or by force
‘feeding infected flesh to selected mammalian carnivores. These incl;ded
dogs, cats, ferrets, mink, coyotes, and rats. The.flesh was established

as infected by observation of mac§ocysts, or“by using the method described
by Faver and Kocan'(l971) for thg'presence~of microcysts. It consists of
grinding some meat and then examining under the microscope a few drops of
the tissue exudate: The presence‘of endozoites in the fluid is indicative

“

of garcocysts in the flesh.
_The dogs-Qere beagle pups reared coccidia-free wichin-the University
Bioscieﬁge Animai Services (BAS). Tﬂe cats came from the Department of
Psycholégy and the kittané were from litters réared coccidia~free for this
study in BAS; Coyotes‘came to the Uﬁiversity frém the wild aslpups, anav
were housed iq BAS hpon th%ir arrival. The rats came from_é colony
maintainéd by the Universiéy. The miﬁk, purchaséd from a commercial fur
ranch near Edmonton, were pgobably not‘coccidié4free when received. Fecal
examination at the time of purchase did not reveal coccidian ooc?sts; but
one miqk began passing eocysts of Isospora sp. and Eimeria sp. shortly
after it was béﬁght. .Thé ferrets were purchased: from a commercial supplier

in New York who had been given instructions that the animals should be

freshly weaned, and that they were never to have been fed flesh.
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{ ,
/Nhén received, all of the ferrets were infected with an unidentified

Isospora. To prevent possible cross—infection with other animals they
were housed in a room by themselves. They were treated unsuccessfully with

Nitrofurazone for one week, and-then sﬁccessfqlly with sodium sulfa-
methazine. Ninety-six hours were allowed to elapse after dfug removal
before the first feeding cxpcrimeﬁt began.

The animals énd birds were housed in several rooms in the BAS Center.
Each room waé cleéned daily by an animal teghniéian who had been given
special inétructibns to minimize transmitting unwanted coccidians from
foom to room. The carnivores never occupied the same room as the
experimental intermediate hOStST The ducks used. in experiments 3 and 5 .
we%e'obtained from a lot hatched'and.reared at the Universityﬁwhich
previous to this»work had been held in a Barn ;t the ﬁniversity farm.
Those used in-E#periment 13 were obtained as eggs from nests in the wild,
'5rought into BAS where they were incubated,vhatched; and reared. Chickens
and Japanesé quail were similarly reared-from eggs in the Center. All:
exPerimenté were coAducted in the BAS‘Cénter. None of the experimentai
animals or birds were on medicated food at the time of the experimentalp(
feedings.

Fifty—seven black-billed magpie eggs were removed from nests apd
brought into the laboratory for hatching and rearing of Sarcocystis-free
birds.  Of the halfvthat hatched, none weré reared sugceésfully.
Similarly, nestlings brought into the'labdtatory were not reared_eaéily.
All were infected with an uniaent;fied Isospora‘whicﬁ seemed to be ‘quite
pathogenic to the birds. The eggs and‘néstlings were kept in a differgnt'
room from the ducks and'Japanese quail as é precaution against aécidental

infection spreading to other test birds.

Y



Fecal samples were collected from all experimental animalé,
irregularly before the feedings of sarcocysts, and daily or semi-daily
theredfterf Microscopic examination for the presence of oocysts or
éporocysts‘was done at 200X and at AOOX under phase contrast after
concentration in sugar. TIsosporan oocysts from kittens fed black-billed
magpié flesh infected with Sarcocystis microcysts were cleared of fecal
debris by screening through a 100-mesh sievé, concentrated by
centrifugation in a zinc sulfate solution, and washed and stored in 2.5%

. ‘ . .
potéssium dichromate at 4° C. For the experimental infection of inter-
mediate hosts, the dichromate Qés washed out, concentration'of.the result~
ipg suspension determined with a -haemocytometer, and knéwn numbers of
oocysts fed per os* to laborétory hatched<énd reared pintail ducklings and
Japanese quail: Details of. the, specific fquing exﬁeriments aré given

with the results for these experiments.

¢ o

. *Per os refers to the technique of introducing substances directly

into the stomach of an animal.
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3. RESULTS

Prevalence -

5

- Nine hundred birds were examined macroscopiéally, and 885 of these .
wcré cxamined microscopically for the presénée of sarcocysts. The results
of this survey are given in Tables 1 to 6. Birds, grouped in orders and
families, are classed according to age. Any bird approaching one year of
age or more is placed in the adult éategory, while biras less than eight
mohths of age are included in the juvenile category. Samples from a number
of birds of undetermined age.were also obtained; they are included in the
category "age unknown." Since sex data often were not available, results
are not categorized according to sex.

of thg 125 duplicate‘samples prepared histolqgically for Sarco-~
cystis examination,'iZl gave the same result both times. Two samples'
diagnosedvpoéitive thé first time were>negative the second, and two that

“ were négative the first time were positive the second.

Muscles from the breast, back, both_wings,-aha both legs from two
infected'biackbifds (one red-winged, and one yellow-headed) wére examinéd
for the'preseﬁce ofbsarcocysts; In all, 71 separate samples were taken
and examingd._ Nine of 10 from the pectora%is muscles, 31>of 31 ﬁrom the
legs, 14 of 14 from the wings, and 14 of 16 from the back gdntained cysEs.
The back samples,. however, were very smail pieces of tissue compared to
those of other muscle groups. As a result of the apparentvdis;ributién of
the cysts throughout the striated musculature,'and the very simiiar

results in the duplicate series, diagnosis of infection with Sarcocystis

by the histological technique is considered reliable.

10
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Examination of Tables 1 to 6 indicates that where ages are known,

only adult bi‘rds were iﬁnfectcd. Some birds of unknown ape were also
infected, but this latter category probably includes adults as well as
juveniles. Samples for individual species frequently were not large, but
it 1s‘appnrent that adults of some species were more frequently Infected
- than those of other species. Nearly half the adult shovelers and a third
of the adult white-winged scoters were parasitized (Table 1) while members
of the genus Anas (excluding shovelefs) were lesé frequenfly infected.

The results of the statistical test (G statistic) for the
prevalence data are given in Table 7. Juveniles were not included in the
calculations because they are very rarely infected (Chab;eck, 1965,
lioppe, 1976), nor were those species with very small sample sizes (less
than‘five) included. The tests were performed on relatedlgroups, e.g.,
within the anatids, and within ;be corvids. These results show that
differences in prevalence betweén the species are'étatiscically
significant. A companisdn of the survéy results of Chabreck (1965) and
Hoppé»(l976) with those found in Lhis study is given in Table 8.

. Sample sizes for specles in Tables 2, 3, and 5 were vefy sﬁéll,
thus statistical c;mparison of the éreGﬁIEnge daté for them would not be
valid. Nonetheless, the findiﬁg of 2.of 6 Califérnia gulls infected might
indicate a féiriy.high prevalence in this épeéies. ’Similarly, the

'strigids apéear tb have a relatively hiéh prev;lencé of sarcosporidia
sjnce feérly half the snowy owls and great horned owls were idfected.‘
" Neither of the two. hawks examined were infected, but 2 of 2 goshawks

collected in southiern British Columbia were infected (W. R. Salt, pers.

comm.). In addition, while it gives little indication of prevalence, the
i '

i
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Table 1. Prevalence of fufectton with Sarcosporidia fn some members of the
Order Anscriformes. %
Adult Juvenile Age Total
unknown
"Famlly Anatidac B I
American wvidgeon 0/2 ** 0/10 0/4 0/16
Blue~-winged teal 0/2 0/5 0/2 0/9
Gadwall 1/8(12) 0/3 - 1/11(9)
Green-winged teal 0/3 0/11 - 0/14
Mallard 3/99(3) 0/36 3/129(2) 6/264(2)
Pintail 5/52(10) {9/16 1/15(7) 6/83(73
Shoveler 8/17(47) 8/14 - 0/7 8/38(21)
Mallard x pintail hybrid - 0/1 - 0/1
Canvasback - 0/3 0/1 " 0/4
Lesser scaup 3/36(8) 0/19 - 3/55(5)
Redhead - 0/7 o/2 0/9
Bufflehead - - 0/2 0/2
Common golden eye 0/1 0/1 - 0/2
Ruddy ,duck o/1 - - 0/1
White-winged scoter *** 5/15(33) - /1 6716(38)
Whistling swan - - 0/2 0/2

<

*' In some species, both racrocysts and microcysts were found. The
‘gadwall was infected with macrocysts, while both macrocysts and micro-
cysts were found in maliarcés, pintails, and shovelers (though not in

the same individuals).
. %% Number of birds infected/number of birds examined (per cent infected)

ar*x Sarcocystis previously unrecorded in this host.

l



Table 2. Prevalence of fntect fi with Sarcosporidia to some members of  the

Orders Gaviiformes, Podfcrpedftormes, Cicontiformes,

Adult Juvenile

>
Family Gaviidae

Common loon - 0/2
Family Podicipedidae

Red-necked grebe - 0/1

Western grebe % ' - -
Famiiy Ardcidae

American bittern - -

Great blue heron ) - -
Family Rallidae

American coot . - -

and Gruitormes.

Ape
unknown

0/6

0/1

0/1

0/18

Total

0/2

0/7

0/1

0/1

0/18

'

*  Sarcocystis previously unrecorded in this host.



Table 3. Prevalence of tnfectfon with Sarcosporidia o nome wember s ol
the Order Charadriftonmes.

Adult Juventle Ape Total
unknown

Family Scolopacidae

Common suipe - - 1/11(9) 1/11(9)
Greater yellowlegs - - 0/1 0/1
Lessor yellowlegs - ~ 0/1 0/1
Pectoral sandpipper - - 0/1 0/1
Short-billed dowitcher - - 0/9 0/9
Willet - - 0/1 0/1

Fomily Laridae

Black tern 0/4 - - 0/4

Bonaparte's gull - - ©o0/1 0/1
California gull * - - 2/6(33) 2/6(33)
Franklin's gull 0/4 - " o/6 0/10
Ring-billed gull 0/1 0/1 0/1 0/3

*  Sarcocystis previously unrecorded in this host.



Table 4. Provalence of infection with Sarconportdta T come mewber s of
the Order Gallitormes,
Adult Tuvent e Ao Test al
o kiooian
Famt ly Phasianidae
Ring-necked pheasant - ~ G/4 O/ 4
Family Tetraonidae
Blue grouse 3/52(6) - - 3/52(6)
Ruffed grouse - - 0/1 0/1
Sage grouse - ~ 1/1 1/1
Sharp-tailed grouse 1/19(5) 0/57 (0) - 1/76(1)
Willow ptarmigan * # ) - - 1/16(6) 1/16(6)

%  Sarcceys*tis previously unrecorded in this host.

# The ptarmigan were collected [T
(Mr. R. Decker) who examined the b
Sarcocuctic. A sample of the infe

on

r
Tt
r

the Northwest Territories by

a student

ds macroscopically for tbe presence of

ed bird wog brought to me lor

identifi-

cation. Samples {rcm birds not macroscopically infected were not kept.
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Table 6.‘_P£evalf;ce of in
~ the Order Passerlzormes.

-

fectiion with Sarcosporidia in some members of

o

Adult . Juvenile . Age Total
. . unknown
Faﬁily‘corvidaé
Black-billed magpie = * 23/36(64) 0/2 - ©23/38(61)
Common.cro&‘ * 5/31&16) L0/1 - 5/32(16)
Grey jay . 4(L0(40) - - 4/10 (40)
:v-Fam‘il; TL»\t»dridae
Amqfican robiﬁ_ - : - 0/2 ) 0/2
Faml 1y B‘o.m?yci.llidae
- Boheﬁién~waxwing - - - 0/6 0/6
'family'Stbrniﬁée / ‘ .
Eurpécanistarligg ‘d/l o ; - 0/1
s_?émiiy Icté;iéaé" \
‘,Btéwve;v':‘s b1ac1{bi£d 0/1 ) L - >0/1.‘\
"Brc.m}n—he'aded blackbird o/y - - o/t
- Red—wix?g'ed; blgck!;ird ’ 2/12(17) - - 2/12Q17)
Ycuow;heaaed _b/lacl_cbird . 1/1' - o/ -  1‘/2'
,Haﬁily Fri;gi};idaé s 7 7/, ;
vacying grosbeak - - ) 0/1" 0/1
lHoa;y_rcdpqil - B - 0/1 0/1
Snow bunting * - - 1/1: 1/1
'# éarcocystié preyiousiy'ﬁﬁfecofded in theseihosts.;

17



Table 7. Calculated G test values from 2 x N contingency tableé for
selected groups of birds. :

Species compared G test D. F.* Significance
‘ . Values ) level )

* Gadwall "
Mallard
Pintail

- ‘ 18.047 3 P < .005
Shoveler '

" Gadwall

Mallard _ - ,
Pintail . . . _ .

" Lesser Scaup 28:348 o5 P < .005
Shoveler

White—wingcd Scoter

Lesser Scaup 4 562

White-winged Scoter 1 Fo<.05

Blue Grouse

.008" 1 - 5. Ak
Sharp-tailed Grouse ,0 ! N S

Black-billed Magpie ‘
Common Crow L 16.592 2 P < .005
Grey Jay

S

* D. F. = Degree of Freedom

&% N. S. = .Not Significant
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infected western grebe was tﬁe most intensely parasitized bird found in
the entire study. Almost every microscope field at 100X contained a
microcyst éomparea with only one to a few microcysts per tissue sectilon
for most other infected birds.

In mgmmals, sarcocysts are frequently found iﬁ cardiac tiséue, but
‘hearts from a shoveler, 27 mallarés, 27 pintails, 53 blue groﬁse, and 4
}ed—winged Blackbirds did not contain sarcoqysts. ‘Examination of skeletal
muscles of these same birds revealed thaf the shoveler had macrocysts,
while one mallard, one pintail, three blue grouse and one red-winged

blackbird each had micrqcysﬁs.

Structure of the Sarcocyst

The walls of macrocysts from ducks wWere structurally similar to
those of macrocysts of Sdrcoéystis "tenella” from sheep described by
Senaud‘(l967).A The outer surface of the pr%mary wall of some macrocysts
wés elanrated into short.club-like extensions (Plate 1) projecting
outwards. These club—likg processes are very similar to-Senau&'s

" structures. Other macrocysts lacked the protrusions on the

""cauliflower'
outer surface ofAthe priméry wall; they Qere‘surrounded by a layer of
argyréphylic connecti&e tissue between them and the surrounding muscle
cells (Plate 2). The priméry wall in macrocysts did not take-up the
silver .stain. The intérior of all ﬁécrocysts was divided into chambers
by éepta which arose from the inside of the primary éyst wall.(Plates 1
and 2). 1

' Characteristic and easily recognizable differences in the structure

of the cysts, especially amoﬁg the microcysts, were found. These differ-

encesiapparently did not depehd upon the host species infected, since



T

Plate 1. Thin (2 um) section through a macrocyst from a gadwall.
Septa (A) divide the cyst into chambers, and ''club-shaped"
protrusions can be seen (B) on the outer surface of the cyst wall.
Harris' hematoxylin and eosin.

Plate 2. Thin (2 um) section through a macrocyst from a pintail.
Septa (A) divide the cyst into chambers, "club-shaped" structures are
ahsent from the cyst wall, and the secondary wall (B) can be seen
very closely applied to the primary cyst wall. Harris' hematoxylin
and eosin. Co

\i .
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similar_cyst types were found in several uelated host species, and
often the same host individual harbored more than one cyst type.
Two basic types of cyét wall}were found for micfocysts. One type
(hereafter referred to as Tyﬁe 1) 1is characterized by a smooth surface
on thé primary wéll (Plates 3‘to 6), while the second zype can be
recognized by the pfesence of digitiform projections on the outer surface
of the primary wall (Plates 7 to 9) (hereafter referred to as Type 2).
ﬁased on the thicknesé of the cyst wall and on the arrangement andudégree
;of compaction of the endozoites in the cyst's interior, Type ibcysts are
divided into four subtypes (Plates 3 to 6). On the basis of the length
and proximity of tﬁe projections,éhd the internal arrangement of endo-
zoiteé, Type 2 chté afe subdivided into three subtypes (Plateé 7 to‘9).

The following'is é"summary of the characteristics>of each df the microcyst
types and subtypes:
$
.Type 1 Microcyéts - : ' _ C
| la - cyst wall very thin (less than 0.3 pm)
- outside‘coﬁtéur‘of thé cyst wall;smooth o
- endozoites moderately packed |
- internal.septa not easily distinguishable, or absent
~1b - similgr to la, but»endozoites very densely packed
lc - cyst wall recogn?zably thicker (abou; 0.6 um)
- septa hsually readily visible |
-  endozoites more loosely packed than in.la
1d - as in 1b but outer cdﬁtour of éyst wall,presentfng an

irregular or- 'wrinkled" appeérance

- septa readily visible



lesh of a black-billed

Plate 3. Microcyst of Type la found in the f
and the endozoites are

magpie. The cyst wall (arrow) is very thin,
moderately packed. Heidenhain's iron hematoxylin.

‘Plate 4. Microcyst of Type 1b found in the flesh of a pintail.‘ The
cyst wall (arrows) is very thin, but in this cyst type the endozoites
are densely packed. Harris' hematoxylin and eosin. . '

-






Plate 5. Microcyst of Type le found in the muscles of a black-
billed magpiec. Note thicker cyst wall (A), internal septa (B)
dividing the cyst into compartments, and locosely packed endozoites.
Teidenhain's iron hematoxylin.

~ )
)

\

R gy

Plate 6.  Microcyst of Type 1ld found in the muscles of é eat

horned owl. The cyst wall (A) is very thin' and wrinkled, 3nternal i
septa (B) are present and rcadily distinguishable, and the [endo-

zoites are densely packed. Harris' hematoxylin and eosin. “\\_/’/;

o1






Plate 7. Microcyst of Tvpe 2a found in
magpie. The fringe of numerous viltli su
(arrows), and the dense arrangenent ot e
Harris ' hematoxylin and vosin.

Plate 8. Microcyst’éf Type 2b found in
villi (arrows) are much less numerous a
the endozoites are loosely packed. Hei

the muscles of a black—-billed
rrounding a thin cyst wall
ndozo ites are charactevistic.

the musgigiaﬁgi;/;i tail.A
nd more fitly spaced; and

denhain's iron hematoxylin.
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Type 2 tlicrocysts
\ .2a - as in 1la, butvradial spines present ,and quite close
| together, numerous (about 2 uym long)
2b -~ as in 2a, butrradial spines noticeably fewer and more
distantly spaced
- endozoites more loosely packed than in 2a
2¢ - cyst wall thin (less than 0.3 pm)
- radial spinéé numerous,; long (4-5 ), ''shaggy" in
appearance |

- endozoites loosely spaced

Table 9 1ists the birds infected_with microcysts and shows the
numbers of individuéls having each kind of microcyst;‘ The number of
birds shown infeéted differg from the totals of_iﬁfected birds presented
in Tables 1 to 6 fozjthree reasons. Firstly, the normal lower workinngy
range-for paraffin sections is usuélly consider;d to be 4 to 6 um; to cut
at two is to push thermethod to its technical limit. Not all tissues were
fixed in near.perfécf ébndition; thérefore it was iﬁgbssiblé to resection
~all infected tisSués at 2 um.‘,The second reason was that thin sectiohs
of tissues earlier shown to be infected did not always cqﬁtgin sarcocysts.
Some tissues cut at 2 pm cut very pooriy and thus only fr;gments of the
sections could be mounted on slides. ‘Finally, tissues from some
individual birds occasionally contained more than one £ype of cyst. Those
birdsuha?ing mére thqp‘one cyst type are listed.in Table 10.

Examples of cyst-associated pathology were few; nbnethgiess, 0

examples were found. In Plate 10 a microcyst {s shown surrounded by an

intense host inflammatory response and necrosis of nearby muscle fibres.



N,

3
Table 9. The types of microcysts found in each bird species.

Specics Cyst Type 1 Cyst Type 2 Total *

la 1b lc id Qa 2b 2c Ei;;s
Mallard ) - - - - 1**% 1 2
Pintail . 3 2 1 - - - - 3
Shoveler ‘ - 1 - - - - - 1
Lesser Scaup ' - - 1 - - 2 - 2
White~winged scoter - 1 - - 1 3 1 4
Western gfcbe 1 - - - - - - 1
Blue grouse 2 - - - - - - 1
© Willow ptarmigan *kk - 1 - - - - - 1
-?Uilson's snipe - - - - 1 - - ' 1
“california gull ‘ - -1 1 - - - 2
Creat horned owl ' 2 2 2 - - - - 3
Snowy owl 1 1 - 1 - - - ‘ k}
Common c¢row 1 1 - 1 1 1 - 5 7
Black-billed magpie 3 8 8 l‘ 5 2 - [
. Grey jay , 3 - - - - - 2
Red-winged Slackbird ‘ - 2 - - - - - 1
Yellow-headed blackbird - 1. - - - - - 1
' Snow bunting . - 1 - - -~ - - 1
. -
, .
* Total typé; of cysts found in each species.
faidd Number gf individual birds infected with a particular cyst tybe.

K& % Note: although the willow ptarmigan's cysts were vi.ible
macroscopicélly, the cyst wall was quite thin, and displayed

typicai microcyst wall structure.



Table 10. The types of cysts found within individual birds with

multiple infections.

J

Species _' : Type of Cyst

la b le 1d 2a 2b
Pintail + + - - - -
Pintail + - + - - -
Pintail + + - - - -
Lesser S‘caiup . - - + - - ¥
"White-winged Scoter ) - - - - + +
‘ California gull \ - + + - - _
Great horned owl’ - + + - - -
Black-billed magpie : - - + - + -
Black-biiled magpie - + + - - -
Black-billed magpie - ' + + - -~ - -
Blaékfbilled magpie - + - - - +
Black—b'ill'ed- magpie - + + - - -
Black-billed msgpie - - - + - -
Black-billed magpie -+ - - +
Black-billed magpie i + + N - _ =
Common Crow o+ + - + - -

~F



35

It is not known whether the parasitelprovoked the host reaction (e.g., by
leakage of cyst contents) or whether it was acc1dentally involved in a
reaction to some other agent. Other cysts in this same bird had no
pathological responses areundtthemf

Many muscle samples had foci of inflammation characterized by
necrosis of muscle fibres, infiltration of lencocytes, and somewhat less
often, fiv:.ous tissue formation. With the exception of the éxample
discussed ahove,'and one other example from a section of blue‘grouee
. muecle which had a simiiar! though less intense'geaction around the cyst,

the nathology found. could not be associated with the presence og'sarcocysts.

Life Cfele Experiments

During thie stud? many attempts to elucidate the life‘cycle of
avian Sarcocystis were made.” While the najot emphasis was to determine
the cycle of the macrocyst-producing parasite (S. 'Ydleyi").fron ducks
by feeding cyst—infected meat.to particular carnivore species, other
indirect approaches to the problem also were made. Thus endozoites were
injected subcutaneously in some ducks, and fed to other ducks. In
addition, microcyst- infected flesh from a white—tailed-deer was fed to a
dog. Figure 1 summarizes the life cycle experlments attempted |

In a series of experiments ‘during the autumn of 1974, four macro-
scopically infected mallards were submltted by hunters. The first of
"these (Experiment»Nof 1) was fed 48 hours port mortem to a 51x—month old
beagle puppy-. Feceé examined every second day for 24 days did not contain
oocysts or sporocysts. 1In Experiment No. 2, flesh from a freshly killed-
infectéd mallard was divided into three portions. A seeond beaglehpupéy,

and an eight-month old.coyote each received one of the three portions:

1



FIGURE 1. Summary of life cycle experiments with Sarcocystis.

Mollaords

Shovelers

b

Sketched animal represents source of sarcocysts
Numbers indicate number of individﬁal'experiment

X ~ indicates an unsuccessful experiment



FIGURE 1. Continued: 37

White-toiled

deer

Sorcocysts

Sp. represents prescnce of sporocysts in the feces
Oo. represents presence of oocysts in the feces
\ ..

< e 1.
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Feces examined from each animal every second day for 24 days were negative.

The third portion was fed to an adﬁlt mink. Fecal samples were
collected every second day. On day 6 the mink feces contained a few large,
-unsporulated oocysts (28.5 x 33.4rum; N = 10) which upon sporulation were
identified as Isospora sp.' In addition, some very small (10-12 uﬁ)
spﬁerica} oocysts of Eimeria sp.Aweré also passed coincidentally. Oocysts
of both types were passed~for another six days, i.e., up to ;ay 12.
After that time, .no oocysts.were passed. As this animal was not passing
oocysts when pdrchased but began passing tgem véry soon thereafter, it is
believed it became infected about the time it was bought.

A very heavily infected mailard (turned in six days po§t ﬁorteﬁ)
was used in. Experiment No.’ 3. The flgsh was divided into five portions.

-

Four poftions were fed to expgfimental animals, i.e., twoymink, a beagle-

puppy (the same one as was used in Experiment No one portion to
three thte laboratory rats. -Feces collected dailyA
of tHese animals did not concaih éoccidian oocysts Or spor
From the fifth portion of infected flesh, about 100 macrocysts
- were removed and placed in Earle's saline solution. One—thirdvaf theée
cysts were disrupted Sy ha;d in a ground glass tiésﬁe homogenizef in ’
stefile saline,rand the resulting suspension injected subcutaﬁeously into-.
eadh:of'six maliards (1% years old). Feces wefe coilected for 29 days,
but did not con;ain_eitﬁer coeccidian oocysts or sporocysts.
The last portion ofvisolated macroéysts,washdis;upted és above in
a solution of Earle's saline containing 10% diméthyl sulfoxide (DMSO).
Follbwing disruptian the resulting suspension was divided into aiiquots

in 2 ml vials and deép—f;ozen using the ﬁechnique described by Dumas (1974)

for Toxoplasma gondit.

<
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The endozoites deep-frozen in Experiment No. 3 were used 90 days
later in Experiﬁent No. 6. Two vials were remdyed from the freezer and
their contents rapidly thawed by placing the vials in luke-warm watef.
Microscopic examination of é drop of the fluid showed endozoites that had
the appearance of endozoites from freshly killed ducks. The conteﬁts of
these tyo'vials were then fed’to'an adult cat by pouring them over a
bowl of canned cat food which the cat readily ate. feces collected daily
for 21 days did not contain either coccidian ococysts or éporocySts.

Flesh from a lightly infected mallard (the last one receiyed in
1974) was fed to a cat, a ﬁink, and to a.beagle puppy (ghe one that was
1used.préviously in Expgrimeﬁts N;s: 1 éﬁd 3;. Feces were collected daily
for 14 days from the dog, and for 21 déys from the cat and the mink.
Examination of thg feces réyealed neither oocysts nor sporocysts.

In Experiﬁent No. 5, thigh flesﬁ containing microc&sts frbm a
white-tailed deer was fed ad Zib“to beagle puppy No. 1 (used in previous
experiments) after‘passing the meat through a meat‘grinder. The deer was
éstabiished as. infected by examination of fresh tiééue exudate usiﬁg the
méthoé described by Fayer and Kocah (1971). Ten days later a small
numberiofvsporulated sporocysts (15.8 x 10.3 uym, N = 10) appegred in the
lfeces: Although slightly larger, they wefe morphologically similar to
those of S. 'Tusifbrmisf described by Heydotn and Rommel (1972) and‘by
Mahrt (1973). Though few in number, they were concentrated by flotation
in sdgar solution, Qashed free of the'suéar by seve;al washings in tap
water, and stored in 2.5% potassium dichromate at 4° C. Because few
sporocysgs were recovered, small quantities were given per os to four

3

mallards, and to five laboratory-hatched chicks. One inoculated mallard

N
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.died within 24 hours, evidently as a result of having béen pecked by its
éagemates. Microscopic examination of a sample of its flesh did not
reveal the presence of sarcocysts. Five weeks after infgction one control
duck died of unknown causes. Sarcocysts were not found in its flesh.
Another week later a second inoculated duck died. Bruises on the side of
its head and neck indicated it also was probably pecked to death. Flesh
from this duck was fed to cat No. 1 and mink-No. 4. Feces collected for

N

18 days did not contain cocysts or sporocysts. Histological examination

.

of tissue from theApectoralis mu%gles did not revegl microcysts.
'Teﬁ_weeks after infection the three remaining ducks (two inoculated
and one control) were sacrificed. Cysts were not found in the control
duqkf :Exaﬁination of the two inoculated‘ducks revealed the presence of
a few stall (40-60 pm) cysts contaiﬁing zoiteg which, in one bird,
appeared to be metrocytes (see Platg‘ll), and in the second test mallard,
endozoites (see Plate,12).i In both cases, the cysts wére of Type lc
described. in!the preceding section. It is not known how these ;ysps
compared to those prgsent in,the'deer from which the flesh was taken'
sincé a tissue sample waélinadvertently not kept. A‘thin section made
later from a muscle sample of a mule deer revealed cysts similar to Types

lc, 2b, and 2c¢c. This indicates the possibility that the cyst found in fhe‘/

~—-—"—. _mallards could have originated from the deer. None of the chicks had
\,,_\‘\ ) i
sarEth§ts when examined 10 weeks later.
In the§spr‘ng and early summer of l975,=another series'of life
~— 7 R

-~ ~ ;
e o

cycle experiments was conducted under rig;dly controlled conditions
(except for the feeding experiment with black-billed magpie nestlings).

Thg{&ittens were carefully reared to reduce the possibility of their

. becoming infected with any unwanted coccidian. The ferrets were -equally
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Plate 11. Microcysts in the muscles of a mallard infected with
sporocysts from a dog fed infected deer flesh. The cyst wall (A) is
of Type lc and metrocytes (B) are present inside well-defined
compartments (C). Harris' hematoxylin and eosin.

N

Plate 12. Microcysts in the muscles of a mallard fed sporocysts from
a dog fed infected deer flesh. The well-defined cyst wall is of Type
lc and the endozoites are moderately packed. Septa are present,
though not easily visible. Heidenhain's iron hematoxylin.

(
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r':xrcfull_v housed after thelr arrival and treatment for the unwanted
lcospora infection they were all infected with upon thefr receipt.

Five freshly killed shovelers Infected with macrocysts were

collected and fed to animals in BExperiments 7 to 10, Fach ot rhree

.. —

N
. . ]
kittens was fed as much as it would eat (each had been stavved for 24

hours). Feces were collected daily fof 25 days from two kittens and 31
davs from the third. Heither oocysts nor sporocysts were found.

Infected flesh was fed to each of four ferret kits, and to two
adult mink. Feces collected and examined for 20 days from the terrets
and for 24 days from the mink were negative. Similarly, a coyote pup fed
a portion of the c&st—infected flesh was not foug% to have either cocysts
or sporccysts within 20 days.

'Cysc—iqfected,fleéh from several of tge shovelers was fed to six

black~billed magpie nestlings (all infected from the wild with an unknown

1y

Isospbra sp.) housed in a common cage. Six other magpie nestlings housed
in a differeqt cage (also infected from the wild with the same Isospora
sp.) were npt fed infected meat, but were used as controls. N;ne of the
néstiiggs was treated with a coécidiostat prior to the experimental

\\feeding be€huse the sarcocvsts were available before treatment could be
- effected. Both groups continued to pass the Isospora sp. oocysts they had
. " .
previously been infected with, but no oocysts or sporocysts different
from those already present were passed. While cocyst output was not
quantified, the Isospora sp. output of the test grodp of magples appeared
to increase while that of the control groupwremained'at about the same
level. Three test and one control birds died bufore t*.o termination of

the experiment; histological examinétion of tissues from these birds

revealed massive intestinal hemorrhage and sloughing of intestinal



cpithel fom. The contaoaninat fay Jooponns s Lol fewved renponstbhle too the
pathology in and subsequent deaths of these binde Choosue ot Divern,

splecen, bratn, heart, aund ke letal meeebes appeared ot

AU R TV P T A E SRR R S B LR B comnducted with o oemto

cvats orlyinating in black bilbled maypies. T by

freshly kKilled birds were brovght into the taboratory; dheah trem two van
fod to one kitten while flesh rrom the cther two wase e to a0 second
kitten. Histolopical examinat ton of the tlosh ot the bicd roveabed
microcysts in both bivds piven to the first kitten, but microcysts were
not seen in the flesh given to the second Kitten. Bepinning on day /7 and
¢ontinuicg until dayv 13, both kittens passed nnsporulated aoovsts which

1

rmorphologically resembled those of Ioospora folic. The Litten which

received the known infected flesh pas . many more vocvsts than Lid the

second kitten, although .he actual ¢ cies passed by cach were quite

low. Average size of the oocysts wWa L L x 35.0 um (N = 20), somewhat
¥

smaller than the average reported by Shah (1970) and Levine (1973, but

well within the range. The cocvsts sporulated in about 43 hours at room
temperature.
,,//> i . — . ‘ . -
_¥rran attempt to increase the number of oocvsts available for
\\\'/;;///ggperimencal infection of nirds, 8,000 cocvsts from the abowe experiment
(No. 11) were administered r<2 228 to a kitren (previously fed choveler

A

sarcocvsts, with no apparent infection; .

rry

cces were collected for 21 dave.
but no oocvsts were passed after dav 1 {unexcvsted cocvsts administered

the previous day).

The final experiment in the series consisted of feeding the

- " remaining ococysts (from Experiment No. 11) to each of two la?o:atory—

{ N
.v\\,_/ \\
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. hatched and reared pintail ducklings, and fog? similarly reared Japanese
quail chicks. <Cagemates of the test birds se;ved as cégfrols. The pin-
tails each receiwvad 5 200 sporglated oocysts while the quail eéch received
3,060, One.contrcl quail died the next déy,‘apparently as a result of
having been pecked by its cageﬁétes. No sarcocysts wereround’in its
tissues, either by histological examination, or by théAmethod of Fayer

. ¢ :
and XKocan (1971). Two quail, one control and one test, were examined 55
3 i : .
days later for sarcdcysts, but none were found. The remaining birds were

sacrificed 98 days after infection. Examination of tissues .by both

methdds did not reveal the presencé of sarcocysts.



4. DISCUSSION

Prevalence
When this study was initiated, the newly reported life cycle of

Sarcocystis '

'Cenella" and S. "fusiformis' indicated that a carnivore-
herbivore cycle was the usual metnod of transmission of the parasite. The *
simplicity @f these‘two life cycles suggested that a life cycle for the
macroscopic sarcocystid of ducks might be as easily elucidated: Thus/tﬁe
project began with the aim of quickly d@termining the life cycl; of the
duck parasite, and then continﬁing wi#hllaboratory ingéstigations of some
selected aspects of its biology. Fallure to establish .the life cycle
resulted in greatér emphasis’beingvplaced on other inforfiation, including
the prevalence survey in avifauna, and the study of the cys;rwall |
morphoiogy with the light ﬁicroscéﬁe.

The majotity ofﬁthe tissues exéminedzﬁere obtainea froﬁ 5irds

belonging either to other researchers, or from the Provincial Fish and

3
.

Wildlife Divisién. All birds were dead when brought into the laboratory,
and fhoée fr&é the F}sh and Wiyﬁlifé Division wege'ffozen. As a result,
the method of diagnosis of the hird§ for sarcocysts was necessarily
limited té visuél, i.e., groés»and histological examination. Imﬁuno—
diaghpsis maf have béeﬁ preferable; but :hé~problems involved with the
techn;qéé réndered"ig imp?acticable. Tﬁgsé in;lude having a source of
antiggn?(from living endozoites), and haviﬂg‘é‘ﬁsable amount of antibody;4
Identification of sarcocysts in thewb%g?s did not present any

problems. Once a person has seen macrocysts, recognition of them is a

relagiGely simple matter. Tissues from birds with macrocysts were

46
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prepared for histological examination, which confirmed the preliminary
diagnosis. The presence of readily récogniéable septa and endozoites
dinside ﬁhe cysts is charactefisﬁic (as is the presence of cysts in
striatedimuscle only). Microcysts were found after histological examina-
tion, and always equusively in the interior of individu#i muscle fibres.
Their in;ensely stained dark-blue appearance surrounded by the light
orange~pink of eosiﬁvstained unparasitizéd mqscle fibres renders theh very
readily wvisible, even‘unde¥ low magnifiéatibn (100X).

The problembwas not oné Qf identifying cysts, but one of finding
the cysts iﬁ the first place. Siﬁce most birds ﬂ%ving microcysts appeared
to be 1ightly infected, what was the probability of a giveﬂ.tissue section
not coﬁtaining at least one sarcocyst? The duplicate set of;prepared
tissues did not reveal any significant difference between fhé two runs.
Thé series of sections from different muscles;froﬁ two infected blackbirds
did not show any diffefencé in.probability of diagnosis ﬁ; a result of
using breast musglés for the routine éxaminatibn, nor did it reveal that
light infections were 1ikely to be overlooked. Thus it seems that the
technique is relatively reliable for disclosing the presence\of microcysts
(note the high number of blaék—bilied magpies found infected in this, way).

A characteristic location for Sarcocystis‘(at least some species)
in mémmals iS'cardiac.muscle (Fa?cr and Johnson, 1973; Fayer,il974).
Erickson (1940) réported macrocysts in the.mYOcardium of a ﬁintail’which
had cysts in its ékeietai muscles, but Fayer and Kocan (1971) did not
demonétféte cysts in“the»hearté of 91 infected common graékles. A1l the
hearts e;gmined here“wéré ﬁegativéz even in birds with cysts in their
skeletal muéclggf fhus it seems that avian Sarcqcystis does not normally

develop in heart muscle, unlike some species of mammalian Sarcocystis.’



o~ 48
\

\
. - \\ .
This does not preclude the possibility that infection of the heart 1is so

pathogenic that birds developing the parasite in ‘the heart normally die

and thus are not included in the sample. Only additional laboratory
=~ S :
infection studies can clear up this question.’

The highly significant differences in prevalence between the
. . o
different anatids, and between the corvids, indicate that the parasite(s)

is not distributed randomly among species. There is insufficient
informatién'availablé to fuily explain v~ differences. Reasons for the
differences might include *differc¢nt s sciptibilities by different host

species, and different probabilities of infection related- to feeding‘

ecology. Finding several cyét types (to be discussed more fully later)
v R : : , :
indicates that several parasite species may be present. Finding the same

cyst types in unrelated hosts suggests a lack of host specificity. . Since

-
N

route of infection presumably is oral, feeding ecology may be a major

e

LR

'The available information indicates tﬁat both feediﬁg écology and
1' host physiology éré important in the acquisition of sarcosporidia by
birds. There are no reports éf macroscopically visible sarcosporidiosis
in geese. Chabreck (1965) macroscopically examined fhuﬁdredsf\bgt did not
find it. Reports of sarcosporidia in American coots are rare, al%pough
the-- havé Qccasionally been reporﬁed infected (Erickson, 1940). Since
coots apd geese are frequently present on the same Qaters as ducks, it is
reasonable‘to'suspect that they (the geese and cootsj éfe also exposed to
the macrocyst-producing Sarcocystis (assuming the infective oocysts/
sporocysts are présent in the wa;er). Failure to find’macroéysts ip geese

and coots suggests that they are more resistant to  sarcosporidiosis.
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The highly significant differences in the prevalen;e of infection
between shovelers,vmallards,'pintails, and gadwalls, and bet&een the
corvids indicate ﬁhat feeding ecology plays a major role in determining
the f;equency with which individualsvof these species become infected.
Physiological (differences may also be involved in these hosts, but feeding
ecology seems to be thermore important here bgcause of the relatively |
common occurrence of the ba;asite’in these speciés. Only fugﬁre
experimental infections willvdemonstrate the réle of hosg physiology,
and any pathological response‘in determining the prevalence of infection
in the different host speciés.

The_prevalence éf Sargosporidia in a given species may be depenent
upon the geogf;phical area where tﬁe>surveyrwas conducted. Compafison of
Chab;eck's (1965) and HOppé's (1976) results with mineqshows highly
significant differences. ‘%hese differcnces are éll the more significant.
because microcysts were looked for oly in this sgudy. The threebstudies

’

were conducted in widely separated areas: Louisiana (Chabreck, 1965),

\
4

*Noﬁgh Dakota (ﬁoppe,~l976), and Alberté (this study). -Hoppe's results
are essentially similar - to ﬁine, although my results include the presence
of microcysts; Ifbmaérocysts only are’counted, 2 éf 52 pintails (4%) and
1 ;f 99 mallards (1%) ‘were infected, results lower tﬁan Hoppe's. The
significant differences calculated and presented in Table 8 would thus
be even greater.

From Chab;eck's (1975) report it is evident that the macrocyst-
producing S&rcocystis‘of dabbling ducks_iév;Fansmitped in Louisiana.
' Mottled ducks, which are resident all.yéar in Louisiana, .are infected with
thg parasite. Therefore, they must becéme infectea there. Since mottled

ducks acquire the infection in Louisiana,'it is reasonable to suspect that
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migratory species may also become infected there (a wintering ground for
many migratory ducks).

Demonstrating acquisition of the parasite in one geographical area
does ﬁot.preclude its acquisition elsewhere as well. But this study
indicates that the macfooyst—produciﬁg S. "rileyi'” of ducks is np;
transmitted in Alberta. Noné of lé.juvenile.shovelers collected in the
fall wereyinfectéd, but of 14 adult shovelers collected the following
spring, 7 were infected, 6 with macrocysts. It is probable that many of
these 14 adults were juveniles thg preceding'autumn. Hence it seems the
period requiied for the appearance of macrocysts in shovelers is in the
order of half a year, or less. ;Assuming that the juvenile sample of 14
from the fail (no adults were collected in thevfall) éan‘be compared with

the 14 adults collected the tollowing spring (Xflj = 9,333, P < .005), it

seems that thistarasite‘is acquired on the host's: tering groﬁnd, not
in Alberta. It also indicates that thé-growth period befween time of
infection énd appearance of macrocysts is relatively short. This latter
conclusion is supported'byiChabreck'S'(l965):report of macrocyséé‘in a
juvenilé shovelef. | | o

@ If the above hypothesis (re: location of:infe;tion) is correct,
then an explanation for the different reéulgs oBtained iﬁ‘the three
studies (Chébreck; 1965; Hoppe,'l976; this study) can be sﬁggested: the
birds examined in each étudy had diffgfent prevaleﬁces because they over-
.wintered in C;ffereﬁt areas. Chébreck'S'birds were-brimarily_Mississipfi
:Flyway birds, and birds resident‘in.Léuiéiané. The birds examined by

Hoppe were primarily Central Fiyway birds, and bulk of which overwiptef

along the Texas and the Mexican Gulf coasts (Linduska, 1964): The birds
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1 examined were predOminantly Pacific Flyway birds which overwinter in
the southwestern United States and along the Pacific Coast (Linduska,
1964; Poston, 197A). As a result of this, the specific ecological
conditions in each overwintering area-may affeet fﬁe distribution of
infectious stages (oocysts/sporocysts) in the environment. Thus the
probability of ducks becoming infected in their respective wintering
grounds will differ.

The above argument cannot be applied to nonipigfatory birds in
which microcysts are found. "Birds resident in Alberta must acquire
Sarcocystis here 1if they are infected. Since it seems that S. "rileyi”
is transmitted elsewhere, there must be a minimum of two species of
Sarcocystis in the avian host. .

The relatively high prevelences in each of the three corvid species
examined (common crow, black-billed magpie, and grey jey) may be a
jeflection ofAtheir feeding‘ecologies. All are food generalists, feeding
on whatever animal matter they come across, incluaingvthe reﬁains of
predator kills. Ingeétion of infectious‘oocysts’or,sperecysts eould thus -
be a likely event. Their habits as scaveegere may also make them

pdtential definitive hosts qu some specles of Sarcocystis.

.

Pathology

)

"Eﬁidence concerning the possible pathogenicity of the pafesite in
‘birds is entirely lacking, but there is eviaenee that both pre-cystic and
post-cystic (i.e., cyst degeneration) stages are pathogenic in mammals.
The early reporte‘reviewed by Scott ki943b) deel primarily with cyst
degeneration. More recently, Spindler ot 'S reported illness in .

pigs dufing early stages of infecﬁion,.and 1N al. (1973) showed
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that calves fed sporocysts of S. "fusiformis" from dogs became 1ill, and |
often died. Clinical symptoms described by Fayer and Johmnson (1973)
include anarexia, cachexia, weight loss, anemia, and accelerated heart
rates during the acute stages (pre-cystic). Post-mortem examination of
thése calves revealed‘hemorrhage of the serous memb ranes, pericqrdium,

,myoéardium, dorsél surface of the cerebellum, and a‘generalized lymph--
gdénopathy (Fayer et al., 1973). Investigation of possible pre-cystic
pathology in.the avian host was one of the objectives which depended upon
successful determination of thé life cyele, but had to be abandoned.

Recent papers by Mehlhorn et al. (1975a, b), Heydorn et al. (1975a,

b) and Gestrich et al. (1975) suggest that cysts.belonging to some species
of mamm;liaﬁ Sarcqcystis tend to be’relatively short-lived. Generalizing
thése findings to the avian host ieads ﬁo the expectatién dfvfinding
evidence of degenexati;g'cysts in éome of the‘iﬁfected tissues examined.

‘Thé fact that.oqu‘;wo such examples wererfoﬁnd may iﬁdicate eithér that
the life span of cysts in birds is relativeiyvlong—-i.e., approaching
that of the bird--or that once cysts hcgin to break down the patho}ogical
résponse of the host to the liberated material is‘fétal to the bird. The’
fact tha£ this has not been obéerved in'birds may be'because'éar;asses
of birds that died from "nat#ral"?éadses are seldom foﬁnd (Lack, 1954).

It méy‘also indicate'fhat any histopathological evidence wés not
recaognized. Foci of inflammation and”buildup of fibrotic ﬁissue were
seen frequently, but it was not possible to‘associété,this wiphkthe o

presence of cysts.

- Structure cf the Sarcocyst

The limited available evidence (Kaliner, 1975; this study) 'shows

.
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that there are a varlety of cyst types which may be found in any given
host species, and that the‘saﬁe cyst tybes can occur in different host
species. Thus cyst structurg may be relativeiy independent of host
physiological differences and may be a relatively constant feature.
Consequently, cyst morphology may\be a useful taxonomic criterion.

A comparison of the cyst wall of,éuck macrocysts with the cyst
wall of macrocysts of S. "tenella” described by Senaud (1967) doesbnot
indicate much difference between the two, other than size. Duck macro-
cysts are invariably smaller than the maximum reported for sheep 'sarco-
cysts, seldom exceediﬁg 5 mm in length, ané 2 mm in width.. The cauli-
flower-1like prot;usions or regressions of ghe cyst'villi reported by
Senaud in young macrocysts were also visibleé in some duck macrocysts
(Pléte 1. ~In other ducks the'cyst wallbwas a smooth cgmplex of primary
and secondary wall within which structures cduld not ge observed (Plate

EY

2). Senaué‘(l967) suggests that this is a function of age of the cyst.

N

Without:édditional evidence from expefimental infections, it is impossible
- to knowiif égeAalone is responéible for the "cauliflower" protrusions in
duck macrocxsts; It is not known if,mqre than one parasite épecies is
involved, or‘Ef degglopment differs in different hosts.

V fn aadit:;:\mo the similarifies deségibed above, they are sipilar
vin"anofher respect.; The endozoites of S. '"tenella’” are 10 to 15 um long
andb3'to 4 um wide (Scholtyséck et al., 1973) and.those of S. "rileyi" are
. 9.5 to 16 um .long and 2 to 3 ﬁm wide (this étudy). In other words, on the
basis of_morph&lbgy at thé light microscope ievel, cysts from ﬁhe'two

groups cannot be distinguished; The only evidence that they represent

distinct species lies in their life cycles. S. "tenella" develops in the
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‘~fhtestine of domestic cats (Rommel et al ., 1972) and of dogs (Munday ¢t
ail ., 1975) but S. "rileyi” develops in neither (this study).

Recent work (Mehlhorn et al., 1975a, b; Heydorn et al ., 1975a, b;
Gestrich et al ., 1975) has shoyn that oocyst/sporocyst morphology are ﬁot
taxonomically useful Ey Ehomselves, but that when combined with definitive‘
host information (i.e., definitive host species) their taxonoric usefid—
ness is increased. More important, however, is their finding that the
sarcocysts of the épecies of the 5. "fusiformis' complex can be
differentiatéd from each other at all stages of their development by
morphological critegia. Some of these criteria are visible with the
light mizroscope, and include lengthvof radial villi, deﬁsity or arrange-
ment of béth spines and‘endozoiteé, apd apparent abseﬁce of villi in one |,
_species of the complex.

" Scott (lQﬁBa) reported that as sheep age, the numbers of cysts
associated with the first seasons of exposure declined while the numbers
of cysté associated with recent infection remained high. He based this
explanation on the sizes of various cysts, the older ones being larger.
With each passing year the number of cyst size categories increased and

the numbers of larger (hence older) cysts declined. An alternative

explanation ta Scott's hypothesis is that more than one species of S.

AN

Zenella ( Suggestea by Munday et‘al., 1975) is present in the sheép.
Evidence to asseés the effect of cyst age on its structure was not
thained; but 16 birds‘were found infected with two or mére types of
cyst. If these cys£ types belong to ghe same para$ibe specles, then the
only reasonable éxplanation must be one.of different cyst ages; i.e.,’
the hosf was infected more than once.- Some mammalian specigi of Sarco-

Ceystis have been shown to grow to a maximum'diameter and then stop



fncreasing their diameter (Mehlhorn ot al., 1975a). These same workers
have also shown that morphologlcal structures visible with the light
microscope did not change appreciably during growth of the parasites.
Since, Iin some birds with muitiple infectlions, the different cyst types
. !

were the same size, the differences do not appear to be due to dif ferent -
ages of the cysts. This is supported by the fact that there was no
apparent relationship between cyst type and cyst size among microcysts;
i.e., that cysts of each type dccupied a range of sizes. Thus the effect
of different host species on the development of the cyst seems unimportant.

Cyst Type lc was easily distinguishable from the other microcyst
types on the basis of its thicker cyst wall which appeared to have an
inner menbrane és well as an outér one (Plate 5). Internal septé were
usually visible, unlike in Types la and 1lb. _Mehlhorn et al. (l975b) have
showﬁ that in one- kind of éyst in calves, originating from the large form
of Isospora bigemina of dogs, the cyst walls appeared smooth when/gxaminéd
with the light microscope; bgt wﬁen examined with the electron microscope
Vere found- to have a very thin wall surmounted by regularly alternating
long énd_short "olubs'. The entire thickness of this complex Qas'no more
than 0.6 um.. As the cysts matured, the clubs became longer, but the cyst
wall retained its thin ébpearance because these protrusions becamévfolded
over. Perhaps the ”doub}e-layered” éppearance of the cyst'in Type lc has
a structure similar to that aescriﬁed bf Mehlhorn et al. (1975b).-
Demonstratioh of this will have to come from additional study of this
avian cyst type with the electron microscope.

C?sts of Type id were nog frequently found. The wrinkled appear-—

ance might be an artifact, but for the following reasons it is retained

as & distinct type. The cyst wall is thin and therefore not of Typéklc.
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Ip Type la septa are faintly, or not visible at all. In Type 1d septa
are easily visible. In Type ‘.1h, the endozoites are tightly packed,

while In type 1d they are more 1bosoly packed. Additjonally, a common
crow was found infected with Types la, 1b, and 1ld.

Type 2 cysts could readlly; be distinguished from cach other on the
buuis of the proximity and Penpths of the villi. ‘Type 2a cysts had the
spines very closely applied to each other and the endozoites densely
packed (Plate 7),‘while Type 2b cysts had villi with readily visible
_spaces betwcen them and -endozoites loosely packed (Plate 8). That this
is not an artifact is evident from the finding of both types in the same
white-winged scoter. This does not prqclude Qifferent ages for the cystsy
but this {is considered unlikeiy for the same reasons that cyst_Types la to
1d are not believed to reflect age differences. Cyst Type 2c was readily
distinguishable from the first two in this category by the ' -h of its
villi. Interestingly, birds infected with Type 2¢c cysts w
concurrently infected with cysts of another type.

Another difference between‘cyéts of Type 2a and 2c is the degree
of coméaction of the endozoites within the two cyst types. If these two
tvpes represent developmental differences of the same parasite species,
one would expect to find intermediaté forms in .a survey of this kind,
"but such intermediates were not found.’ sehlhorn et al. (1975b) héve
shown that at least three species of parasite are invblved in the S.
"susiformis! complex. Morphological criteria which allowed thém fo
differentiate between the three species in the éystic stages i#clude
arrangement and appearance of the villi and the degree of compaction of
the endozoites. Comparing their ;esults wifh miné lesls me to conclude

that each of the types in the second category of cr=t (Twpes 2a, 2b, 2c¢)
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represents difterent species of Sarooennhdo, Stmlloar by, the tirst three
in Type 1 sertes may also represent cifferent species of avian Sareo-

RN NN [ am less sure of Type Td.  Further investipation is needed to
|

i

confirm whether Type ld is a valid type.  Thus, there may be six or more

/
¢

microcyst ~praducing species of Sercocystis fn birvds., t the macrocyst-
producing 0 00T Ty added to dnds tipare ) Thier e may heoseven oy move
species of Doeocysids in the avian host. At this time, it is surficient
to point vut that severaltigpecics may be present in the o+ tan host.  To
attempt to discuss the t;lxbnomy of this group is premature because neither
are thewr 1ife cveles known, nor has any of their developmental biology

been describea.

Life Cvcle Experiments

Selection of the carnivore species to be used for the elucidgtion
of thy life cvcle »f the macrocyst-producing parasite of ducks was based
on the ecological consideration of which carnivores were probable
candidates (it was assumed that the parasite was transmitted in Alberta).
Sargeant et .. (l973)wdemonstrated that duck - vre vulnerable to
predation by miQ&, and Bursey and‘Burt (1970) described hunting behaviour
of bobcats on the periphery of bogs. Coyotes are common on the prairies
where many ddcks are préduced every year. Hence these carnivores Seeﬁed

to ‘be iikely candidates for completion of the 1life cycle. The failure to

”

complete the life cvcle of the parasite in covotes and beagles (both fall

and spring series) 1s considered reasonable evidence to eliminate canids

“from the life cycle of this parasite. 3

Failure to complete the life cycle in xittens of known hisﬁd%&

with fresh parasite sarcocysts cannot be attributed to experimental

conditions. The results of the ferret experiments are less easily



interpreted becanme the Lits were alb fntected wlth an anbdent it

apworns upon thelr recefpt. The dmmunolop ool ctteot thit moey hoave hod
on the terrets s not known. However, atter Che doe b g s e
cuperiments were concluded ) the derrets were ctrcce s tee b e it et wibeh
the soune Jacworora they had apon o el recelp o [ there woa Lo rannne
vosponse to the ortednal coco Bt Talecron, the e ren
not ddevelop immunity to o ditterent e B FERE ' ."u. oy e
seems to be tittle fmmmelogical creor veaction bhaotweon S D e
other two -host foosporans., Doby  and Bevrcotirn: (P90 derecneat vt ettt
Cor o carrier soof Joear s o T tone form oot L T el ) and
antLyen o o Ceeenr o X0 dEd e yoonreact T the Sadivect fommnne
fFluorevscence test, and Faver (19740 ndieated thar bhoavles intected with

o "o S St

enteric stages of F. "Tuc i ormie con boteasily re-infected atoa later
date. Although proof is lacking, it secems reasonablie to conclude that
failure to infect the rferrets was because thev are not appropricate hosts
ratheir than because they were immune to Farcocof o, Similarly, it seems

probable that mink are also not suitable hosts.
Reasonable precautions to ensure the coccidia-rro¢ status of the

kittens veared for the spring series of experiments were taken.  Thus it

is conciuded that failure to complete the ~. "»Ilaoy7 7 life cvele

4w because cats are not involved in the life cvcle, rathov thon because

they might have developed an immunityv. It seenms possible, however, that
felids are involved in the life cvcle of a microcvst-producing species of
Sarcoeustis in non-migratory b7ois. Interpretation of the results from

the feeding to one kitter of 8,000 cocysts (. [¢lie?) from the feces of

another kitten previously fed infected blachk billed magpie flesh is

dif ficult. . Had wore oocysts been available for infecting additional
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kittgns with larger °~ ses we could more confidently say that these oocysts
were‘notiihfective 1 cats. However, Wallace (1973) was unable té
initiate oocyst production in cats infected with 400,000 to 800,000
55cysts from cats fed a muripe Sarcocys tis. M§ exﬁériments must be.
repeated, and the_results duplicated before any conclusions can be reached.

| Establishment of a safcocyst iﬁfec;ion in intermediate hosts with
the oocysts from the black-billed ﬁagpie—cat.cycie would have contributed
considérably to the proof of the life cycle. Failure might be in;er—h
pregédras an indication of a spurious I. felis infection in the kittens,
ﬁand'the oécysts Wwere not igfective“toithe birds. frenkel and Dubey (1972),
However; héve'shown that both I. felis and I. rivolta can use rodents as
"igtgrmediate" hosts. /&hey (Fréﬁkel and Dubey, 1972) fail to mention the

presence or absenée of cysts, but Wallace and Frenkel (1875) said

_distinct tissue cvsts.were reported in the former. Wallace (1973b)

induced sarcocvysts in nice after feeding them oocysts resembling those of
7. gondii. In only one instance did an inoculum of less than 40,000
ococysts produce an infection in a mouse. The inocula used in my

expériments were only 3,000 and 6;000 oocysté per bird}‘upse of large
,in0cula,vhad the oocysts been avaiiable,’may have successfully induced‘
sarco§poridiosi$. |

fﬁéré iéqevidénce suggest{ng that the early sefies of experiments

did not fail because of .the time delay between death of the infected

hosts and the feeding 'of the ‘sarcocysts to the carnivores. Gestrich
(l97&).has shown that sarcocysts of one « -ries of the S. "fusiformis”
comblex are ~tive up to 14 days af:~~ .ath of the host 1if the meat

was kept re. ated (but not.frozen). Although the period in which avian



460
Sarcocystis remains vi%4ble after the death of the host is not known,
Gestrich's results suggest that it may well exceed the 48 hours of two of

the early experiments, and possibly the six days which occurred in

Experiﬁent No. &.
Miller et aZ._<l972)‘showed that 7. gondii caﬂ;; ,fgésed to new
intermédiate hosts by feeding’them cysts from chronically infected mice.
Infection in new hosts was characterized by the reestablishment of the
chronié stage (cysts) withoutmthe passage of gocysts. Besnoitia sp. (a
parésite»related?to Safcocysiisj can be passed to new intermediaté hos ts
in the same way (Ffenkel;:l973). ﬁéth 7. gondii and Besnoitia sp. can be
'transferfvd experimentally by injection of either endoéoiges from cysts,
or by injectidn of rapidly dividing pre—cystic "tachyzoites”. Unlike T.
géndii and Bgsnoitia sp::/Sarcocystié has not been transferred this way
since the early repofts of Dafiing (1910a) und Negri (1908). Similar
L ) .
attempts ‘to transmit Sarcocystis failed in tbis'study also.
*Sarcocyustis ‘is Rnown to‘ﬁé a two-host parasite in mammals (Rommel
et al., 1972; Hey&brn and Rommel, 1972; Fayer and Johnson, 1974).A How
“~cad the presence of cysts (iﬁdicacive of- the inﬁe:mediate host) in the
muécles of carnivorous birds ﬂe explainea? Owls éxaﬁined in this>étudy
‘and séveral‘early host-record reports for hawks (Dariing,‘l915; Osterud
, . | ' A
and Bascomb, 1928; Takos,xl957).show that they are suitable hosts for
development 6f cyétic stages of Sarcqcystis, and that they are infected
relatively frequertly.. Since ingestion of the cysts by*a’carnivore is
reéuired for completion of the life cycle, theh, if thé cystic stagéé in

a given host are to complete the life cycle, they must be ingested by some

carnivore. What‘preys upon birds of .prey? Big hawks are known to prey

‘s
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upon smaller hawks (Snydér and Snyder, 1974); but this does not‘seem.to be
a common occurrence. One explanation is ~hat they are accidentally |

—

infected with the cystic stages of the parasite; it 1s a dead end with
respect to the pérasite's strategy for transmission. Ahogher explanation
is that the parasité‘uses scavengers to complete its life cyclg; and
depends upon the hosts being eaten by scavengers after-the hosts' death.

An evaluation of the potential role of blrd; of prey as definitive
hosts for Sarcocystis was not attempted because they were not avallable
for use in feeding experiments. Aﬁ attempt was made to investigate the
potential role of avian scavéngers in the epizootic =y of Sarcocystis,
buf problems in rearing coccidia-free black—billed magples made the
results from this portian of the study unreliable. However, they can be
considered as suggestive that these birds do not represent the "carnivore"
part of the life‘cycle. |

Whether the increa;ed passage of Isospora sp. oocysts in th: group
of magpies fed Sarcocystivaas due to the feeding of tﬁe sarcocysts or
due to a higher rate of re—inféction with thg‘Isospora in thi; group 1is

not known. There is a chance that a challengg,yith Sarcocystis might have

provoked the increased output of Isospora oocysts. - Campana Rouget et al.

(1974) reported that a T.. gondit challenge of a kitte: paSSlng I. jelts
resulted in an increase of the output of oocysts of [. felis without
producing an infection of T. gondii. Similarly, an I. felis challenge of

4

a kitten infected with 7. gondii resulted in a short~lived, but dramatic
increase in the output of T. gondiil oocysts and only a trickle of I. felis
oocysts. An alternate (and more likely) explanation is that the birds

in the test cage re- -infected themselves more heavily through fecal

contamination of their food than d1d those in the control ggoup Further



experimental research is needed to clarify my initial observations.
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Appendix 1. Common and scientitic names of b irds cited in the text.

Family Anatidae

American wigeon _ Anas arericana
Blue~winged teal Anas discors
Gadwall ) Anas strepera
Green—-winped teal Anas crecea
Mallard Anas platyrhynchos
Mottled duck Anss fulvigula
Pintail ﬁnas acuta
Shoveler Anas clypeata
Canvasback . Aythya valisneria
Lesser scaup : Aythya affints
Rednhead e Aythya americana
Bufflehtead V " Bucephala albeola
Common golden eye Bucephala clangula
Ruddy duck " Oxyura Jjamaicensis
White-winged scoterx Melanita deglendii
Whistling swan Olor columbianus

Family Gaviidae
Common loon Gavia immer
Family Podicipedidae

R4 aecked grebe Podiceps grisegena

Wescern grehe _ Aechmophorus occidentalis
Family Ardeidae

American bintern Botaurus lentiginosus

Great blue fe-. . Ardea herodias
Family Rallidae

Amcrican coo: Fulica americana




'

Appeudix 1. (Continucd)

Family Scolopacidae

Common snipe

Creater vellowlegs
Lesser yellowlegs
Pectoral sandpiper
Short-billgd dowitcher

Willet

Family Laridae

Black tern

Bonaparte's gull
California gullf
Franklin's gull‘

Ring-tilled gull

Family Phasianidae

Ring-necked pheasant .

~ Japanese quail

Family Tetraonidae

Blue grouse

Ruffed grouse

Sage grouse
Sharp-tailed grouse

Willow ptarmigan

_Fami’ Falconidae

Cooper's hawk

I7e]

wainson's hawk

Capella gal Linago
Totanus melanolewens O
Totanus flavipes
Calidris melanotos
Limodromus gyiseus

Catoptrophorus  serripalmatws

Chlidonias niger
Larus philadelphia
Larus californicus

Larus pipixcan

Larus delawarensis

Phastanus colctcus

Coturnix coturnix

Dendragcrus obscurus
Bonasa wnbellus
Centrocer cus urophastanus
Pedioccetes phasearellus

Lagopus lagopus

Accipiter cooperit

Buteo swainsoni

/1



Appendix 1. (Cont inued)

Family Strigidace

Bore 1t owl

Grear prev owl

Creat horvied owl

Snowy owl

Family Corvidae

Black-billed wmagpile
Commeon Crow

Grey jay

i1ly Turdidae
American robin
1y Bombycillidac
Bohemian waxwing
amily Sturnidae
European starling
Family Icteridae
g
Erewer's blackbird
Brown-headed blackbird
Common grackle
‘Red-winged blackbird

Yellow-headed blackbi;u

Family Fringillidae
Evening grosbeak
Hoary redpoll

Snow bunting

f

Aogod D Jiorerons

Mo liiid ot

Lo

7 [N N ! .
COPIG O8I ol o

Poprrasorow: o

DAPYTTY PN e N
Tirdies miyratorius

Bormby 10

i L garrulus

Sturnus vulgar: .=z

Euphagus cyandcephalus
Moln~thrus ater

Quiscalus quiscula

Agelaius phoenteeus .

/
X loeeprnlus zanthoecrhalus
Hes;  .ohora vespertina

hormemarnni

YR
Ao

Plec > »henax nitvalis
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Appendix 2. Common and scientific names of mammals cited in the

 text.

Domestic cattle (beef)
Bobcat ‘
bomestic caﬁ
Coyoéé
.Domestic dog
Ferret. '

’ Laboraté?& rat
“Mink

'Mqie deer

Pig '
_Domestic sheep

FWhite—tailed deer

1

Bos taurus
Lynx rufus
Felis (?domesticus)
Canis latrans
Canis famtliaris
Mustela nigripes
K Rattus sp.
Mustela vison
- 0docoilcous hemionus
| Sus scrofa
 Ovis aries

\

Odocoileus virginianus -
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dix 3.7 Historicdl Overview.

Many reseafchers working with’Sarcocystis Begin their reporpé by.
saying that little is known about tﬁis cosmopolitan parasite. Although
its existence was éstablished by Miescher in‘1843 and many researchers

" have worked with it since, it was with the elucidation of the 1life cycle

of the closely related parasite, Toxeoplasma gondii, that the clue to

solving the life cycle of Sarcocystis was found. It is now known that

Sarcocystis 1s a two host sporozoan having certain affinit - with the

&

. ] . . Ll . ‘ e
coccidian genus Isospora. These are best demonstrated in enteric stages,
) N ' - f‘,t,»‘»\
in a carnivorous "definitive host" while the cystic staszes occur in other
"herbivorous host§9.
f

7

Thg name Sarcocystié‘is descripiive in natdfe; it mcans }iterally
"cysts (wﬁiéh occur as elongated whitish bodies)bin the muscles". The
cystS'very oftgn are micro#copic in size, Varying from.a few micro&eters
r> 100 or more ﬁicrometers in’diamctcr; and 20 um to several
Jiilimetefs in leﬁgchg ‘Occasionally, in some animal species, cysts of
two to three mii1imetef§;iﬁ~diame§¢r:gpa &é to 20 millimerers in length £
-have been fou&d. Cysts rcquiriﬁg Hiscological techniques anud the use éf

.a microscope for their detection will hereafter be referred to as micro-

1
cysts, while those readily Q;sible to the unaided eye will be referred to

as macrocysts.. Collectivély: @hézywﬁll be Qalied sarcocysts.

The‘wall of the cysg is comp&sed cf a siﬁgle,_or double layered
membrane (Weber, 19;0; Crawley, 1911;‘Alexéicff; 1913, Chatton and Avel,
71923; Scott, l943q; Bail,<1944; Ludvik, 1960; Zeve et al. 1966, Senaud,
1967) which'mayjbe sméoth, or_ have extérnal viliosiﬁiés some;imes\known
as rods, prisms, cytophaneres, 6r'radiél spines (Weber, 1910; Chatton and

Avel,‘1923; Ludvik, 1959; Senaud, 1967). The primary wall which is ﬁresen:".@t
- J

N
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in all sarcocysts is thin, may give rise to villosities on the outside, -
and thin septa on the inside dividihg the cyst into compartments (Senaud,
1967). The internal septa are not limited by a unit membrane (Senaud,
1967 ; Scholtyseck et al., 1974).

The morpholog& of'the cyst wall of different sarcocysts has been
deé;ribéd (Bertram, 1892; Laveran ;nd Mesnii, 1899; Ferret, 1903; Weber,
1909, 1910; Alexeieff. 1913; Chatton and Avel, 1923).. Most reported
seeing villosities, but there was some disagreement among them as to
théir nature;'wefe ;hey part of thé cyst itself or aftifaéts (see Alex—
eieff, 1913). Precise‘descriptions of the cygt wall were virtually non-—
existent Qntil Ludvik (1960) began ultrastructural studies of S. miéshe—
ric o from pigs. Zeve et al. (1966), in an ultrastructurél study of cysts
of Sarcocystis sp. f{rom grackles.mentioned the presence of ViilOSitieS
continﬁous with the cvst wall, but neglected to give any idea of size,.
Tength, or numbgf. Simpson apd ForresterA(1973) added little to our know-

‘ledge 6f the cyst wéil. Té my kqowlédge there is ﬁo othef recenﬁ stndonf
the cyst wall from the avian host. Since'adéquate study éi-the de&elop—_

ment of the cyst wall in any.given host’depehds upon being able to exper-—
. s ,417") { ’ .

~imentally infect that' host, it is not surprising that the first develop-

mental studfes 'did not begin to appeér before those of Mehlhorn et cl.
(1975a, b), Heydorn ¢t @l. (1975a, b), and Gestrich et al. (1975). On

the basis of life,cycle, biology, and of developmental morphology in the

~

intermediate host they have been able to show that bovine . 'Fusiformis”
is a composite of no less than three distinct species. Thé only compara-

tive 'study of cysts to date is that of Kaliner (1975) who reported finding

- . ' . . ;/_-7\\ (. ' .
different cyst types in a number ofh different African game mammals. He

. . ,7:7-\—\ .
reported different cyst types in thé»samé\individual, and occasionally in

-

)
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the same mﬁscle gell;vbut did not discuss the significance of his findings.
The presence of the outé?, or secondary, cyst wall is wvariable,
apparently depending in part upon the age and size of the cyst and in part
upon the species of parasite (and/or host). In macrocysts of 9, ”tene;Za"
from sheep the s«¢condary wall consists of the remnants of the infecfed
muscle fiber, and hypertrophied connective tissue which:once bounded it
(Alexeieff; 1913, Senaud, 1967). The secondany wall constitutes part éf
a host. response to the‘parésite, is not a part of the cyst proper, and
never subponts cyst-related s;rucpures such as septa or villosities.
The role of the host cell and of thé parasite in the construction
of the. primary wall is ﬁét vet well undgrstood. ‘Many workers -considered
the primary wall to be bf parasite origin, but it has recently been

shown to develop from a parasitophorous vacuole wall laid down by the host

Dy
;

cell (Mehlhorn et al. 1975a)."

s . N
division that the vacuole becromes

usually seen. ‘ L

Many cells which have i'een called "spores'/; "Rainey's bodies',
P - A

,”sporozoiteg”, "schi'zozoites", "merozoites", "cystozoites", "endodyocytds',.
i . \ : ' -
. . . / . .
"endozoites', '"'trophozoites'", and "bradyzoites'" are found in the interior
of the cvst. Many workers use the term merozoit because these cyst

zoites morphologically are very similar to merozoites of other coqdidia
(Senaud, 1963). They develop inside the cyst from a motner cell, some-

"spdfoblascﬂ, but now called '"'metro-—

times ‘referred to as '"cytomeray or
éyte; (Senaud, 1967). Metrocytes undergo a spécial kind of binary fission
known as endodyogeny, first oBservéd by Goldman et al. (1958) fatﬁer
”than.sChizogqny, a form of hultiple'fission by which merqzoite; in many
typical'coccidiané are formed. |

=
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Tﬁere is still some controversy over the ﬁaturc of endodyogeny,
that is, is it fundamentally diffexrent from schizogony, or is it just a
simplified version of‘schizqgony (sce Aikawé and Sterling, 1974)7 Until
such' time as the homologies between merozoites from enteric stages of
coccidian‘life cycles and "zoiteé" Erom their cystic stages are better
understood, it may be advisgble to use é different térm. Frenkel (1973)
has proposed‘the term "bradyzoite" for these cells, because, he says,
other terms afe vague and lack precision. 'In the first good descfiption
of the process bf ehdodyogeny, Senaud (1967) used the term endodyocyte
for ﬁhe products of thls kind of cell division; thus endodyocyte has

prior*ty over Frenkel's bradyzoite, but is a dlfflc‘}y word to articu-

Y
late.\‘If;a special term .other than merozoite’is to be used, endozoite
ARG £ - : : :

is bettel ‘#&itan brgdyioi;g becau;e it-is descriptive and avoids intro-
duéing Yet another spécializcd Lénm into the vocabulary.

The widespread 6ccurrencé‘ of‘Sarcoaystis'in some animals maée
it the subject of intensive investigations, inéluding many attempts to
svolve the enigma of 1ts llfe cycle.' Smith (190L, 1905) reported tnducing
sarcosporidiosis in uninfected laboratory mice by feedlng them carcas-—
ses ‘of mi;e infected with S. muris, with a delay of abOut five months
between thé féeding of infected ﬁe&t‘gnd the appehrance of cysts. ‘Negre
(1907, 1910) infected healthy mice with S. muris by feeding tﬁem either
safcocysts or fecal material from micevpreviously’fed cysts of S. murts.
..The prepatent pericd was six weeks, with abéut»90 days réqhirea for the
_ appéaranée of:magpre cysts.> In light of recentAdiscoveries, it is inter-

. 4 : R

esting to note that Negre reéort;d in his mice tﬁe presence of :intes-

tinal stages which Had the ability to infect healthy»mice. His describ—

tion of parasites in the intestinal cells can be interpreted as develop-
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ing oetysts. Negre was unable.to transmit Sarcocystis eitner intra-
peritoneally or subcutaneously. Darling (1910b, 1915) reported trans-
mitting Sarcocystis from rats to guinea pigslby injecting endozoites
“intramuscularly, but his descriptiorn of the ensuing infectionsisuggests .
a concurrent infection witn Toxoplasma. Scott (1915) was unablelto.inteEt ’
lambs.by feeding them cysts from sheep. In an experiment which could

havevresulted in thé discovery of the life cycle of S, "teneZZa" (and
possibly provined the clue to the life'cycles of othcrzsarcoquridians)'
Scott (1915) fed infected sheep flesh to dogs and then allowed them to

run about freely in an enclosed pasture where lambs were svbﬁaqnentl‘ﬂ

enclosed. Unfortunately,~the dogs were removed 14 days ﬁ%f che ﬁgrst » e
. : o 5 . s

) {
SETOAR ﬁﬁts,
RN

fceding‘of inﬁecuuiﬁgat. Had he walted longer, or had her
”w”

Scott (1943a) presented a
& sarcocystis had a direct

life cycle. He postulated that the pa;t;ﬁie's'spores (en.lczoites) left

the ﬁ@ﬁ le cysts and mlgrated to the intestine by an unkncwn mechanlsm,

passed out with the feces, and infected other animdls that came in contact

with the feces. o

\..k.w

, L
More. recently Spindler ¢t al. (1946) showed that a- fecal stage

was required in the iitc cycle of S. miescheriana of pigs. They fed
cysts to a varlety of animals Including cats, dogs, rats, pigs, and

chickens. After flfteen 1~vs the feces of these animals induced sarco-

1

.
s

cysts in the muscles of.uninfe<- i pigs. Pigs fed cysts did not in turn
develop cysts if" c0praphagy was prevented Pursuit oflthis clue would-
probably have resulted in the dlscovery of the life cycle at .that time

Unfortunately, Spindler et al. s work went largely unnoticed,

and it was only with, Lh;ﬁ%lu61datlon of the life cyele of Toxoplasma
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gondii by Hutchison (1965, 1967) and Work and Hutchison (1969) twenty
years later that renewed interest was generated in the question of the |
sarcosporiaian life cycle{ Fayer (1970) reported the transformation of
endozoites of a sarcosporidian from grackles into gametocyte; and oocysts
in cell culture. Rommel et al. (1972) demonstrated isosporan oocyst;
and sporocysts in the féces o% cats fed sheep flesh infected with-

1

S. "tenella"”. Sarcocysts of S. "fusiformis" were induced to develop in
y

‘ dog; and cats féd infected beef (Heydorn ;nd»RQmmel, 1972) . Dur#ng the
firsg days of the patent period, two spdrulated sporocysts ;ere frequent-
ly seen envellopea by a thin sheath, giving”themvan isosporan appearance.
Later .in the patent period, however, the Sporocysts were not usﬁally
associated with a sheath. The S. ”fhaifbrmis” life ~ycle was repepted -
using beagle pups (Mahrtf 1973)7and sdrcoéporidios;s was then indéced

~ih éaiveshby feeding them spo;ocystskfrom ﬁhe Leaglcs (Fayer 2t aZL 1973;
Fayer and Johﬁson,:1974). A; a result of this informagién 'itiis ﬁow

known that these parasites iufect new hosts by the oral route, via the

ingestion cf oocysts or- sporocysts in the case of intermediate lis%s,
;‘. - - .»¥‘¥.

X2 °

ahd'via the ingestion of cyst-infected mea;'in the case of carnivores.

Ip eatlier days, and to some extent more recently,'Sepafation‘df
Sarcocystis intq species was‘baéed on the host species infected, morgho; 
logy (both gross,and micfo)»of thé cyst, and size of the enclosecd zcites.
Genera were defined oﬁ the Basis of ghe specif;c tissue infected;

Sarcocystis was found exclusivelymin mqscle\fibres, Besnoitia developed

* .

only in’tonnective'ti%sue,fToxopZashq had little site specificity, and

- . oA - ' . .
Frenkelia was found exclusively in phé/bjain.l Recently, Hammondia n. gen.
vwhichialsp forms intramuscularAcysés was added to the group (Frenkei»and

Dubey, 19753, b). Recent s;ﬁdieé,Aespecially those by Fa&er et al.
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(1973), Fayer and Johnson (1973, 1974), and Johnson et al. (1975) have

shown that this site specifiqig& in the host, espegially in pre-cystic

~, ~

y - -
. ‘ L !
stages, 1s not as rigid as wis Freviously thought..
Despite some ovérall similarities in the biology of these orga-

nisms, there arc noticéable differences. Only iﬁ Tuxop}auwa are ooéysts
. v , : ,
infective to both intermediate and definitive hosts (i.e., cars); in all
. . . " .
other parasites where iife cycles are known, oocysts or sporocySts are
infective only to intcrmédﬁgfe hosts. 1In Toxéplasma,’and in one specie§

of Besno , tachyzoites (rapidly multiplying stages present in macro-

phages; this is a precystié stage) and the endozoites are directly

Vi cate : , o

infecgiQé either By-Subinjection, or oral ingestion, to other interme-~
diate hosts .(Wallace and Frenkel, 19755. Such is not the'éaée with either
Sdrcocyr:ig or Hawmbndia. The similarities and diffefences in the life
~cycles of‘the various groups‘arevdepiCtﬁd in Figure 2.

‘in addition; available inférmation'indicates>that (rly in some
(Toxoplasma, Besnoitia, and Hammondia) does schizogony praceed gameto-
gony in the‘intestinal epithelidm of the definitive host (frenkel and
Dubey, 1975a, b: Wallace énd'?renkel, 197%Y. Species of Sarcocystis are
not known t6>have a schizogonic stage p~ g‘gametqgony (Fayer, 1974).
In those pafaqités with the séhizogonic c ., oocysts aré passed for
.relatively shert pe}iods (i.e., 4 to 20 days) while in the case of
VSQrcocystisk-”jhéifbnﬁf&" and ”teneZZaﬁ) the patent period is frem 20 )
vy 70 days(Rompel et,ai. 1972; Peydorn and Rommel, 1972; Fayer, 1974).

Tt schizogony does not occur in the‘guc of the définitive host and 6oéysts
or sporoéysts ére,péssed for upnto 70 hays; if;is reasonablé'tofsuspect
taat schizogony is occurring elsewhere in thg host's tissﬁés. Fayer '
(1Q74),di§5n0t report if these.stages:were”looked‘fbr ih.thg tissues,éf»

L
_d/'



Figure 2. Schematic representations of the known 1i{fe cycle pathways
of the cyst-producing coccidia.
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Besnoitia

[oR ]

Isospora

Sarcocustis

Definitive host
Occysts or sporocysts

DH
OO0
I H = Intermediate host

Broken, line indicates pathways some»membérs.in the group are known
‘to use, but are not used by other species in the group. :

Double lines indicate the usual 1ifé cycle route taken by members of
the group. i ’
Single line 1nqicates alternate pathways available to the parasites.

v
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dogs (other than in the gut) with patent infections.

Elucidation of the life cycle of ;Toxoplasma gondii has demon-

strated that one stage of its life cycle is indistinguishab® from one

of the two forms of [cospora bigemina (small form). Walla: ; 73,

1975) found two sarcosporidians in mice, one of which could be nduced

in mice by feceling them oncoysts indis‘.tiz;gniz»;hnhlo from those of 7. jondii,
but which was biologically Jistinct‘from 7. gondit. This parasiteiis
referred to as "WC 1170" by Wallace. The causative agent of the second
sarcosporidian was not identified. Tadros e¢ alr (1974) showed that

sora from carriers of I. hcéminis and antigen of one form of g " fusi-

' cross-react.. Feeding infection-free calves.with oocysts of

. Sormis!
I. hominis (obtainéd from ﬁuman volunteers fed Sarcocgstis—infected
beef) resuvlted in a characteristic kind of sércocyst in the calves
(Mehlhorn et al., 1975a). Teeding §. "tenella” to cats resulted in the
passing oflspofulaged isosporan'spdrocysts (Rommel eé al., 1972). P;ra—
sites of the 8. ”fhéifbpm{s" compléﬁ, when fed to cats, produced isos-—
Ipqran sporocysts (Heydorn and Rommel, 1972), when fed to dogs produced
isoéporan sporocysts KRommel and Heydorn; 1972; Mahrt, 1973; anér et al.,
1973; Fafer and Johnson, 1974); and wheﬂ fed to man pFoauCed occyéts pf
I. Eominis (Mehlhorn 2t dl., 1975a). ©Oocysts of I. felis taken from cats
and fed to rodents produce simple'cysts in the tissues of the rodents
which in turn are infective to other cats (Frenkel and Dubey, 1972).
And cysts ofrBeénoiﬁia sp., when fed tohcats, produée Isospora;like
oocysts (wallace and Frenkel, 1975). Clearly, it ‘is impossible\to
differentiate bétwegp fhe oocysts of many "classical"~Isoépo%a.and‘the
‘oobyst§~(and/o¥ sporocystS)féroducgd by tﬁe v%riouS'cyst—quming para- .

. éites}
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gince the recent discoveries of the life cycle of Sarcocystis,
two rather different opinions regarding the classificaticn of the group
have developed. On the one hand is J. K. Frenkel who maintains that
there are sufficient dif ferences between the parasi’» groups to separate
them into three families, i.e., the Eimeriidae (in which he includes
Simoria and leospora Coonsu sepiotu™y, Sarcocystidae (in which he
includes Sarcocyetis, Frenkelia, and Hammondia), and Toxoplasmidae (in
which he includes Zoxopilasma and Regnoit” 1) (Frenkel, 1974).  On the
other hand the Europeans (including $choltyseck, Senaud, Mehlhorn,
Heydorn, Rommel, and othcrs) suggest that the cyst- forming coccidia
probably all belong with the genus Isospora.

In hi§‘proposed taxonomiégéchcme, Frenkel (1974) gave major import-—

ance to the variations in . . llfe cycles of the dﬂfferent pavasites

and the dégree of sporulation of the oocysts (an :pofocysts). Thus
those2 typlfled by a one- host’life cycle (meonoxenous) are W a

single family, the Eimeriidae, which 1nc1udes EtW@le, Isc, ord, and
Atoxoplasma. Those parasites having a two-host life cycle (heteroxe-
nous), whethér facultatively or obligatorily, are placed>in either the
‘Sarcocystidae (including Sarcceystis, H&mmondia, and Frenkelia), or the
yToxoplasmidae (including Toxorlasma and Besnoltta) - Little attention
was paid to the basic structure of the oocysts themselves, or to the
ultrastructurél similaritigs between the endozoites (Sc%oltyseck et al.
19735. B
Examlnatlon of the avallable informatlon on these groups 1nd1cates
_ @
\certainiweaknessés in ;he_basls of this scheme. For example, can the
. P _

parasites in Frehkel's Toxor® be separaLed from those in his

Sércocyéfidaeé In,Ftenke; (1974 Table 5, p.'147 the flrst dlffer—*

*
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ence between these two families lies o the mechanism of cyst formatfon.
In his toxoplasmids, the cyst develops "from a. parasitophorous vuvunh%"
while in the sarcocystids it develops "in and between host cells"!!

This 1is clearly vaguce and igsufficient. Morcover, it is inaccurate
since it has been demonstrated (Mehlhorn eof al., LQ/SA)ALth cysts of

" in calves begin as single-celled parasites (metrocytes)

5. rfusiformis
inside typical parasitophorous V.}cpolcs: fo rmgd intra-muscularly. Thé
cyst wall is develope! by progfussive thickening and quification of
the vacuole wall whifc the oo trocytes within are dividing. Senaud
(1969) demenstrated that the origin of the cy;t wall in Besnoitia
jellisom? (included by Frenkel iﬁ his Toxopiasmidae) 'is from an intra-
:
fmuscular parasitophorous vacuole laid down by the parasitized host cell,
and that the vacuole membrane 1is anchored by villosities in a péripheral
laver of collagen on the‘surfacc of the cysf wall;

It can be argued that the simila:itiés in cyst wall duvclopmeht
in Frenkel's Toxoplasmidae a1l Sarc~ vstidae, and develbpment of the
parasitophofous vacuole in endothelial cells by some,  Eimeria suggest a
closc-affinit§ between these groups.' For example, 2nd generétion schi-
zonts of =L necatrii,causedkcellular Qnd nuclear hypertrophv and induced
counds of DNA synthesis Lﬁ the host celi (Fernando et al.; 1974). Cells
parasitized by.E. auburnensis formed 2 parasitophoroué vachgle with
numerous‘foldsmof the cell membrane pénetrating the vacuole (Hammﬁnd
et al.,‘1967)f it was hypochcsiéed that these £6lds helped in the trans-
fer: of nut%ignps to the parasites. Thus Sépﬁrating theSé pa;asités into
sepérate families on the basis of.the origin of the cyst wall‘seems

unwarranted.

_Othér'differénkes between the Toxoplasmidae and the Satcocysti§ae




Rt

piven by Frenkel cannot at this time  be piven servious taxonomic conns -
deration beyond th specices level. Seltect ton of location for develop-
ment of the cystic stages may depend on little more than the "niche”

required by the parasite. Morpholopical differences between cyst walls

are to be expected in different gpecies, cspecially since theve is o cvvd

dence (Fernanda o ol 1a74)  Hammond 0ol 1967 that the pavasite

can "take over'" and direct the host coll's metabolic functions. All
parasites (as Freakel admits) are intracellular, initially at least.

Shape of endozoite (Fronkel's bradyzoite) iL.ec., broad vs. slender, is
o \

highly subjective. Passing unsporulated or sporulated oocysts, or Spo-

ralated sporocysts which are morphologically similar have been shown to

be due to differences in developmental rates (Mehlhorn and Scholtyseck,
( N

i
1

1974) .

1

A major i “diculuy which Frenkel did not reselve was what to make
of the similarities and differences in the structure of the oocysts.
"he oocysts of Eimeria have four sporocysts, each containing two sporo—

Loites (Levine, 1973).  The oocysts of Isospora‘have twg sporncyscé,

.each containing four sporozoites. Bogh; though mﬁrphologicéliy different,
have previously been placed in tﬁe family Eimeriidae (ScholtySeck, 19745,
where Frenkcl léavcsTChe Efﬁc?ia ahd some (only) of the Isospora. He

‘did nct resolve the difficulty of justifying the sepavation of some
Isospcra -into bne“fémily ;nd»comBining.other Isospora with the Eimerta

in a_ different family. The problem is that, where life cycles are

presently known, 'each of Frenkel's toxoplasmids and sarcocystids pass

pocysts or sporocysts indistinguishable from those of the "elassical"

Iébspora. In addition it has been shown (Frenkel and ﬁubef} Y972)

2 oq ¥

‘rome "classical' Isespora, e.g-» I. felis and I,‘riuolta

.

that

9 N Sy
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(coccidia whifch Froenke! lnlll‘ in his Limerifdae)y can taculiatively ane

\

1/\(1*1!11('(“.”:‘ or transeport {hosts with the productron of mucular eyt !

'
'

\..\ Harenowo o Dianem D v pen.

,oneoap. (i honor ot the Tate Do M.
H.un)numl) was created for o a sarcosporidian isolated trom the feces of oo
stray cat (Frenkel aond Dubey, 19750, b Pioooo tion ol celetal masele

. eyt s s o "pronounced” feature of the new peans, bat o ic oditrer trom

. S
NS LRI AV ENE

"by stendes bradvzoites- [oncovoites] , thin walled evara, abnent
radia!l api-o) septa, or metrocevees, bv o a ool iplicative eocle in

i
the gut o1t the final host (;idlli(‘lx i lacking io atl Jarectnonrs
so far studicdd, aond by shedding ot unsporulatoed vocvsts (whereas
a1l known JLoccocenc o shed sporulated sporocvats or vocvars) L
LN B N
Later they say it (Qeencendeos) differy from the "common Jooopord” bt

fail te polnt out the differences (Fregkel and Dubeyv, 1975b, p.224y.

- \

The validity of the structuro offthﬁ'cyst walls, the shape of the

endozoites, and the shedding of oogvsts no taxonimic criteria above rhe

kY
species lgvel has been discuse =3 already. Since they did not report
1

kY]

having done extensive developmonial work on the cysts, an did not

report 'having done anv. electron microscopy, the shaonce o) meirocytes

in  the cyst.: may 2e duc to their failure to recognize “hem. Thuas
creation of a new .g£hus on “hw basis of the criteria rops i bv
Fronkel and Dubc}'v (19753, b «;t»pcn'rs premature i this time, and wunfor-
tunately the taxon Harmendsa in now preoccupied, and mayv well become

#-

a nomen nudum,

Whethcf or not Sarcocystis .causes pathologicnl problems in the
intermediatc host ‘has long been a controversial question. Failure to
find any tissue reac;ion such as inflammation around\the TysIs, and}the
obvious good health of many irfected hosts led some Qorkers to conclude

that the presencde of the paraéitc was of. little consequence to its



host. On the other hand, considerable evidence has accumulated to
indicate that it is not'always innocuous. Thus, an aqueéus extract
of S. "tenella” sarcocysts from sheep when injected into“rabbits caused
their rapid. death (Pfeifer, 1891) Laveran and Mesnil (1859) confirmed
Pfeifer s earlier report and then described some df(éﬂb symptoms pre-
ceding death of the rabbits but were unable to induce similar reac-
tions in rats, mice, sheep, chickens, plgeons, frogs. and turtles. A
strong generalized 1eucocytic reaction preceding the formation of muscle
cysts in mice infected orally-with S.»murzs was described by Negre
(1907). Eduine sarcocysts had the same effect on rabbits as"did sheep'

\

sarcocysts (Sabrazes and Muratet, 1911). Besnoit and Robin (1913)
destribed an iﬁtense”leucocyticvinfiltration’in the vicinity of bovid .
"cutaneous" sarcocysts which, they suggested, resulted in thefbreakdown_
of the cysts '.Serious muscle degeneration accompanied by a serous
‘accumulation in‘ muscles of pigs was reported(by Creech (1922), =
Spindler et aZ (1946) found ,that hogs experimentally infected with
porcine S mmeschermana expexienced vomiting, inappetance, pale enlarged
kidneys, retarded growth rate, and. muscular weakness in the loins.
aner et aZ. (1973) reported,serious illness_and death in.calves fed
S, "fustformis" sporocysts from dogs. 4

Although it is generally agreed that there is little or"noihistoe

\:“‘ e

pathology visible in the vicinity of intact sarcocysts, and that most

infected animals’ appear normal the toxiC'reactions repOrted by Pfeifer,

. Laveran and Mesnil and Senaud° the histopatholpgy described by Negre,

Besnoit and Robin, Fayer et al.. and Senaud; and the clinical symp toms
- ’

described by Spindler et al. and Fayer et al. are all indicative'uof

'pathology. ‘Scott (1943b) presented a comprehensive review of ‘the

i
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literature to that timeiwhichklefc little doubt tﬁat'Sarcocystis is

in fact pathogenic under certain conditions;" ’ o



