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RBSTRACT

CYST WALL ULTRASTRUCTURE OF SARCOLYSTIS (PROTOZOA: COCCIDIA) OF
SOUTHERN AFRICAN MAMMALS

DALY, Thomas Joseph Michael, Ph.D., University of the Witwatw srand,
1987,

The main part of this study, as reflected by the title, involved
{nvestigation of the occurrence and electron microscopic
characterization of chronic Sarcocystis infection in both wild and
domestic southern African mammals, mainly unguiates and carnivores.
As judged by the uitrastructiral morphology of the cyst wall, at
least 21 spacies of Sarcocystis were found in 70 species of host
animal. The fine structure of some sarcocysts, especially those in
domestic animals, was identical to that of Sarcocystis species
described previously from the same hust species on other
cantinents, while certain cyst wall characteristics exhibited by
other sarcocysts in southern Africa were similar to those of cysts
described from different host species in other parts of the world,
It is concluded that the specificity for the intermediate host of
at least some species of mammalian Sarcocystis is not as strict as
has been thought. The occurrence of muscular Sarcocystis infection
in carnivorous mawmals (previously thought to be an uausual
phenomenon} is considered to be further evidence of this.

A Sarcocystis muris-11ke organism in the black rat Rattus rattus
and which proved to have the domestic cat as a final host, was
isolated. Laboratory transmission experiments involving this
parasite have shed further 1ight on the important question of how
specific Sarcocystis is for the intermediate host.

The indications are that some Sarcocystis species occurring ir
domestic meat animals fn South Africa have similar effects, both
physiologically and economically, to those reported in the same
domestic hosts in ather parts of the world, The veterinary and
economic importance of Sarcocystis deserves greater recognition
Tocally, particularly as natural outbreaks of acute bovine
sarcocystosts have recently been reported in South Africa.
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The main part of this study, as reflected by the title, involved
investigation of the occurrence and electron microscopic . e
characterization of chronic Sarcocystis infection in both wild and PR
. domestic southern African mammals, mainly ungulates and carnivores. .
- As judged by the ultrastructura) morphology of the cyst wall, at
Teast 21 species of Sarcocystis were found in 30 species of host . . T
animal, The fine structure of some sarcocysts, especially those fn - i
domestic animals, was 1dentical to that of Sarcocystis species o
described previously from the same host specfes on other )
continents, while certain cyst wall characteristics exhibited by
other sarcocysts in southern Africa were similar to those of cysts
described from different host species tn other parts of the worid, .
1t {s concluded that the specificity for the intermediate host of v
at least some species of mammalian Sarcocystis fs not as strict as
has been thought. The occurremce of muscular Sarcocystis infection
in carnivirous mammals (previously thought to be an unusual
phenomenon} is considered to be further evidence of this.

A Sarcocystls muris-11ke organism in the black rat Rattus rattus Ly
and which proved to have the demestic cat as a final host, was .
fsolated. Laboratory transmission expertments involving this
parasite have shed further 1ight on the important question of how
specific Sarcocystis 1s for the intermediate host. :

The indications sre thot some Sarcocystis species occurring in
domestic meat animals in South Africa have similar effects, both :
physiologically and economically, to those reported in the same
domestic hosts in other parts of the world, The veterinary and
economic importance of Sarcocystis deserves greater recognition
Tocally, particularly as natural outbreaks of acute bovine
sarcocystosis have recently baem reported in South Africa.




Furthermort, many carcases are condemned at abattoirs in southeran
Africa because of "eosinophilic myositis” caused by Sarcocystis,
resulting in considerable Financia] Tosses to the meat industry.

In overseas countries, certain Sarcocystis species of domestic
animals have been found to be pathogenic. far the intermediate host.
Sarcocystis cruzi, which {s prevalent in cattle 1n South Africa,
Tikewise proved fatal to the intermediate bovine host in an
experimental situation. This experimental material was used to
develop a new technique which facilitates the location of schizonts
1n post-mortem tissue for diagnostic electron microscopy.

The possibility that the same species of Sarcocystis can occur
to both wild and domestic intermediate hosts was considered, This
is something which has not been investigated by previous authors.
Ultrastructurally, cysts Tocated fn wild and domestic equine hosts
were similar. Additiona) examples have also beem discussed.
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2
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SCH Secondary cyst wall
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. INTRODUCTION

Sarcocystis is a coceidian parasite of the protozoan Phylum
Aptcomplexa (Sporozea). Species of Sarcocystis have been known for
many years to characterfstically occur as macroscopic or
microscopic cysts in the cardiac and/or skeletal musculature of
vertebrates, In 1972, an fn*estinal phase of the 11fe-cycle was
discovered in carnivorous manmals. Subsequently, 1% became apparent
that the gut infection in man is not always subclinical, These
findings, together with the fact that certain species of
Sarcocystis proved to be pathogenic for the intermediate host, in
particular for certain domestic hosts (see recent review by Herbert
and Smith, 1987}, helped to arouse a number of researchers’
curiosity about the organism - which is ia any case of basic
protozoological interest,

1t had been generally assumed, on the basis of some early
transmission experiments, that Sarcocystis wes strictly specific
for the intermediate host. During the codrse af a survey of the
prevalence of Sarcocystis inwild southern African vertebrates,
nfections wera detected fn several carnivoraus mammais, suggesting
a Joose host specificity for at Teast sowe species of Sarcocystis.
Extra-intestina) Sarcocystis infection in carnivores (presumably
often a *dead-end® infection) had previously been regarded as rare.

$ince each species of Sarcocystis has a characteristic
morphology at the ultrastructural level (Mehlhorn et al., 1976), it
was decided that the fine structure of the wall of sarcocysts
occurring in southern African mammals {particularly ungulates and
carnivores), should to be investigated, A study as wide-ranging as
that reported here, has no” previously been undertaken anywhere
else in the world. The aim was:

- to determine the divorsity, or otherwise, of Sarcocystis species
which infect Jarge mammals 1n the region;

- and to consider the results in relation to the question of host
spacificity of Sarcocystis (as far as can be judged by cyst wall
types).




Rodents had been trapped {n the same localities zs certain
carniveres with muscular infections, so those particular rodents
found te be infected with Sarcocystis were fucluded in the study.
As 2 “sideltne”, the intermediate host specificity of a specfes of
rodent Sarcocystis was {nvestigated by means of transmissfon
experiments in the laboratory. For the abave two reasens, the
1iterature on Sarcocystis of rodents {i.e. in addition to that in
Chapter 4 on the cyst wall ultrastructure of large domestic and
wild mammals) was chosen for historical review in this thesis.

Because of the large amount of lettering Invelved, one set of
glectron micrographs was lettered and than re-photographed for the
purpose of producing the required number of copies of this thesis.
1t should be borne in mind that there has been some resultant less
of slartty in many instances {as compared with the original
micrographs).

The reader who 1s studying the cyst wall ultrastructure of
species of Sarcocystis will ideally need to have the papers
(containing the electron micrographs) referred to in Chapter 4,
spread out fn front of him/her, In the absance of that visual
comparative materfal, the results and discussfon in this thesis
will obvicusly be difficult to follow.

In Chapter 4, the "cyst membrane® is defined, after Gjerde
{1988b), as the 1imiting or outer unit membrane of the cyst, The
terms "1initing membrane”, "outer unit membrane® and “outer cyst
membrane® are used interchangsably. "Primary cyst wall" refers to
the outer unit membrane plus the underlying osmiophilic layer.
"Cyst wall" refers to the primary cyst wall (i.e. the outer unit
membrane and the osmicphilic layer) plus the ground substance.

Cysts studied ultrastructurally were from natyrally-infected
animals, unless otherwise indicated in the electron micrograph
captions. The fixative used for the cysts was formalin or formal-
saline, unless otherwise stated in the captions (see also Chapter
3.

Al1 measurements in the taxt are given as means, the derivation
of which can be checked by reference to the original data in Table
§ at the end of Chapter 4; and to Appendix 7.

The scientific nomenclature employed 1n this thesis for wild
mammalian hosts, {s that of Smithers (1983},




2. MISTORICAL REVIEW: RODENT s

o RODENT SARCOCYSTIS SPECIES HAVING MAMMALS AS #INAL HOSTS

Sarcocystis muris, first described from a house mouse Nus
musculus by Friedrich Miescher fn 1843, was recognized by Ruiz and
Frenkel (1976) as h.ving ap obligatory two-host 1ife cycle. These
authors failed to transmit S, muris from mouse to mouse or cat to
cat. The sexual cycle took piace in the definitive (final) host
{cat); and asexual development inte intramuscular cysts occurred in
the intermediate host (mouse). Failure to infect rats, hamsters and .
s guinea pigs with sporocysts suggested that S. muris was host ¥
[ specific (at least for the intermediate host). - ‘

EN Rufz and Frenkel {1976) described the fntestinal and extra-
{ntestinal stages in the final and intermediate hosts respectively.
Sporozoites from sporocysts ingested by outbred, Carworth-Webster-
derived mice underwant schizogony in the 1iver in 11-17 days.
Smoath-walled cysts, first seen in the skeletal muscle after 28 ,
days, had mature merozoites (cystozoltas) within 100 days post - :
inoculation (d.p.i.) and became infective after 76 d.p.i. &
Merozoites penetrated through intestinal goblet cells of the final . 2
host and no schizogony was observed in the gut befare gametogony
took place, Micro- and macrogametes were found within 12 hrs, and
at 24 hrs macrogametes were observed fn the lamina propria of the
intestine. Sporogony had commenced after 48 hrs, at which time
oocysts contatned sporoblasts. The sporocyst walls had developed ;
after 96 hrs and 5-6 days later, fully sporulated sporecysts were
found, each with four sporozoites. Sporocysts were usually shed
separately 1n the faeces.

Immunity to S, muris at reinfection was not usually apparent as
both mice and cats could be {nfected regulariy. Mice could be
superinfected with the result that both small and large cysts were
present 1n muscle. However, a few mice {n several experiments did -
not become reinfected for some unknown reason.

The ultrastructure of the cyst wall of §, muris {n the
{nterqediate host was described by Viles and Powell (1976). Non-
padigreed albino mice infected with Sarcocystis were used in the
study. Both primary and secondary cyst walls were described, the s




latter befng part of the degenerate host muscie call and the former g / ¥
having a distinct oswiophilic layer. The electron micrographs ”‘-

showed a sfmpie cyst wall with interdigitations and an absence of .
any villus-T1ke protrusions. The authors suggested that the cyst A
wall and interdigitations were formed from the host muscle cell. H s
The ground substasce was erraneously described as the i
i parasitaphoreus vacuola. . S
L £1ectron microscopic studfes of cysts in the Australian rat
Rattus fuscipes by Rzepczyk and Scholtyseck (1976) showed two types
; of sarcocysts, based on the morphalagy of the cyst walls. The two
f distinct species of Sarcocystis were suggested as coinhabiting the
same tntermediate host. Type A cysts had Tong, thin villus-Tike
protrusions and Type B had irregular jagged protrusions. The
morphotogy of both differed from the cyst wall described by Viles

?
P ‘ 2
[

o and Powell (1976} for S. muris. Typa A cysts ware septate and )
R contalned both m ytes and merozoites, Metr and merozoltes
b had characteristic organelles, e.g. conoid, rhoptries and

micranemes were seen in {ndividual celis, Metrocytes undergoing v
endodyogeny were noted, Type B cysts had fibri)lar elements in some |
protrusions and both metrocytes and merozaites were present. The
authors indfcated that the carpet snake Morelfa spilotes variegata
1s probably the definitive host of one of the species of
o Sarcocystis occurring in % fuscipes (Type A). Another predator of
A this rat is probably the final host of the other specfes.

- A comparative study of the morphalogy of the cyst wall by
MehThorn gt al. (1976) revealed & similarity between sarcocysts in
mice, whales, rhesus monkeys and babodns. Cysts from the skeletal St
muscles of laboratory mice, experimentally fad sporocysts from
cats, had {dentical walls to those described by Viles and Powell
(1978) for $. murds, The microscopic cysts from naturally infected

v baboons Papie cynocephalus and rhesus monkeys Macaca rhesus were in
[ heart and skeleta) muscle. Cysts from a naturally infected sperm

y i
/. "™ whale physeter catadon were macroscopic and were in skeletal
N v muscle. The structure of the cyst wall of all these sarcocyst types i

was sfmilar, there being many short, bleb-11ke protrusions up to A
0,16 um in length, Septa extended from the ground substance to
divide each cyst inte compartments, Mehlhorn et al, (1976)
suggested that although the cyst wall ultrastructure is ’ ki




characteristic for each spectes of Sarcocystis, it cannot be used

on its own to identify species. However, fine structural morpholegy
can be useful to differentiate betwesr ovecies within a singie

host. A Study of the development af iyst wall from a unft
membrane, as well as its characteristic mo .lLology, Jed the authors
to conclude that it is the parasites whiut -termine the structure

of the cyst wall and not the host celis.

The intramuscular development of 5. muris and the ultrastructure
of the cyst wall was examined by Sheffield et al. {1977) in
experimentally infected mice. Metrocytes were observed dividing by
endodyogeny at 40 d.p.i. and up to 325 dup.i. Merozoites were ssen
after 53 d.p.1, byt at that stage they were not infective to cats,
Infectivity was found to be dependent on the productfon of mature
merozoftes which fil1 the cyst after 100 d.p.i. and are divided by
septa into groups, each group probably originating froma single
metrocyte., The organelles characteristic of the merozoites, e.g,
conold and rhoptries, functlon in the penetration of the host cell.
Micrographs of the cyst wall suggest that this is the same species
of Sarcocystis referred to as S. murls by Viles and Powell {1976},

Lat {1977), 1n a study on Sarcocystis in Malaysian fietd rats,
found five different types of the parasite, The first, in R,
gxulnds and R, Jalorensis, was similar to S, murfs, The second was
5. singaporensis (similar to Rzepczyk's Type A organism) and found
f0 R, exulans, R jalorensis, R. annandeld and R. ratius diardii.
The third and fourth cysts were thin-walled and the fifth had a
striated wall.

Rifaat et al. (1978) studied the 1ife cycle of $. muris using
sporocysts recovered from cat faeces. Mature sporocysts (8-10 pm in
diameter) were shad for a patent period of 20-25 days after a
prepatent period of 4-5 days. Schizonts were first observed in the
spleen 13 days after feeding sporocysts to Taboratory-bred white
mice {strain not given), Schizonts with 12 nuclei were observed
after 21 days in the 1fver and pancreas of the intermediate host.
Sarcocysts with smooth cyst walls were detected in skeletal musele
50 days after inoculation. Merozoites in vysts 113 and 120 days
after inoculation measured 3-4 um x 10-12 pm. Twelve out of 22
kittens fed infected mice shed mature sporocysts {in thelr stools.
Mice that had a patent {nfection of Sarcocystis for 84 days and




Tonger inftiated infection in the cats. Macrogametocytes (11 ym x 8
pmj and one micragametocyte were found in the subepithelfal layer
of the duodenum and upper jejunum. Fuliv developed sporocysts and
cocysts were found fn the intestinal lamina propria after & d.p.i,
As neither the sarcocysts were found to be infectious to mice nor
sporacysts fnfectious to kittens, 1t was concluded that S.muris
has an obligatory two-host 1ife cycle. Mo schizogony was Found to
take place 1n the gut of the final host.

Munday et al. {1978), in thelr survey of Sarcocystis in mamals
in Australia, found eight species of rodents to be infected; Five
of them had sarcocysts of two different types in their musculature,
as Judged by 1ight microscopy and examination for macrocysts. The
morphotogy of the cyst walls and the “{dentification® of definitive
hosts allowed the authors to equate some of the species with those
described by other workers. The macroscopic sarcocysts “ound in R,
fuscipes wern simflar to Rzepczyk's Type A cyst which has the
python as its definitive host (see under the “snake" subsection of
this review). The thick-walied microscopic cysts found {n
Mastocomys fuscus, Pseudomys higginsi, Rattus lutreoius R. rattus
and R, norvegicus were similar to the macrocyst from R. ,uvtreolus
found by Mehlhors et al. (1976) and which has the black tiger snake
Notechts ater as 1ts definitive host (S. murinotechis Munday and
Mason, 1980}, Thin-walled sarcocysts with large zoites from R,
rattus could not be related to any previously described Sarcocystis
type (thin-wa)led cysts with large zoites were also found in three
Rs norvegicus by Munday et al,, 1978 - see review below of the
paper by Hunday and Mason, 1981}, Thin-walled sarcocysts with small
zoltes from Hydromys chrysogaster, R. lutreolus, R, rattus and R.
norvegicus®, found in skeletal muscle and/or cardiac muscle, were
suggested as being similar to Rzepczyk's Type B cyst (see "snake"
subsection of this review) and Lai's Type II1, Cysts found in Mus

* Munday et al. (1878) stated that sarcocysts with thinwalls and
small zoftes were found {n H. chrysogaster, R lutreolus, f.
and R, fuscipes. In the discussion of the similérity of thin-walled
cysts with small zoftes found in rodents to Rzepczyk's Type B cyst,
R norvegieus s mentioned and R, fuscipes 1s not included.




ausculys were of two types, one resembling a spécies of Sarcocystis
which has the cat as a final host (Wallace's Type B) and the other
similar to §. dispersa from the barn owl Tytg alba, The
relationship of the first-mentioned cyst type to S. murds is not
c'ear, because the cyst wall was not examined by electron
microscopy.

Ashford (1978} described S. cymruensis from rats R, norvegicus.
Infected meat was fed to cats, dogs and ferrets Mystela putorius,
Only cats became infected and they sted sporocysts for more than 3
months, Sporocysts measured 10,5 pm x 7,9 um. Cysts develaped fn
Wistar white rats R. norvegicus but not in Swiss white mice M.
musculys. Cysts measured up to 5 cm in length after 9 months and
were found only in skeletal muscle, The internal surface of the
cyst wall was suggested as being of parasite rather than host
origin (the opposite had been suggested by Yiles and Powell, 1976-
vide antea). The morphology of the cyst wall was similar to that
describad by Viles and Powel 1 (1976) for §, muris, Ashford (1978)
made the distinction between S. cymruensis and S. muris because the
former could not be transmitted to house mice.

Sarcocysts in rats R, norvegicus from Wales (Atkinson, 1978)

were similar in appearance to S. muris (infective to Mys musculus)
described by Sheffield et al. {1977) and Viles and Powell {1976)
and to S, cymruepsis (infective to R. morvegicus) described by
Ashford (1978). Similar sarcocysts were also seen in R, rattus in
Australia by B. L. Hunday {pers. comm. to M. 8. Markus, 1979} It
can be assumed that Atkinson (1978) was working with S. cymruensis,
Sporulated sporocysts (10.6 ym X 7,6 pm) were found in cat feaces
10 days arter ingestion of infected rat muscle. Four out of 18 rats
and one out of ten mice infected orally with sporocysts by Atkinson
(1978) developed cysts in their muscies. A parasitaemia was
detacted fn a rat 2t 11.15 days after infeciion by means of
examination of blood smears. Schizonts {25 um x 18 um) were found
in the Tungs and Tiver of a rat killed 12 days after infection.
Rommel (1979} successfully infected two ferrets Putarius
putorfus furc by feeding them mice which had been experimentally
infected with S, muris, Sporocysts were excreted by the ferrets
after 7 days for a period of 9 days and were indistinguishable from
5. puris sporocysts from cats. Mice inoculated with these




sporocysts developed cysts in their muscles after 4 months p.i.

Prevalence studies by Col1ins and Charleston (1979) showed a
100% fnfection rate for Sarcocystis occurring in rats R, noryegicus
in rubbish dumps and 20% for rats in the rural areas of Palmerston
Horth, New Zealand. The authors did not comment on the relationship
of the arganism to parasites such as S. cywruensis and §. muris.
The prevalence of infection was attributed to the population of
definitive hosts, as all dump areas had resident rat and cat
populations. Muscle from these rats infected cats, which shed
sporocysts measuring 10,6 pm x 7,9 gm. Sarcocysts found in mice
were suggested as being similar to those studiad by P, B, McKenna
(pers. comm. to Collins and Charleston, 1979), Transmission of
nurine Sarcocystis to a definitive host was not attempted by
Collins and Charieston (1979) (see review below of the paper by
Mkenna and Charleston, 1980).

Tnoculation of calves with sporocysts of S. muris by Fayer and
Frenkel (1979) produced no infection. Attempted transmission of the
parasite to cats by feeding them organs and skeletal muscle From
the experimental caives, did not result in infectfon.

Kan (1979} found three different kinds of Sarcocystis 1n Five
species of rodents in Halaysia. A1l three types of cyst (based on
the ultrastructure of the cyst wall) were present in R, r. diardli
and R. exulans. Rattus annandalet possessed only the Type II cyst
and &, jalorensts only Type L. A bandicoot Bandicota indica had
both Type [ and Type 11 cysts in its skeletal muscles. The cysts in
the rats were found in the skeletal muscles from the diaphragm,
abdomen and 11mbs and Just beneath the skin in the subcutaneous
tissues. Type 1 cyst was microscopic and septate, with Finger-1ike
protrusions. Type II was macroscopic, with branched dendritic
protrusions and Type 111 had rectangular protrusions with thick
septa dividing the cyst into compartments,

Type I resembled the Type A sarcocyst described by Rzepcavk and
Seholtyseck (1976) and Lai (1977) (Lat's Type T1 also found in R.
annandatel). This 1s 5. singaporensis. Type II was similar to
Rzepcyk's Type B cyst and Lai's Type 11 cyst (= 5. booliati).
Hacroscopic Type 111 cysts resemble sarcocysts reported from R.
lutreolus (MenThorn et al. 1976) and by Munday et al. (1978). (As
nas been mentioned previously, the latter authors found this type




of cyst in Mastoconys fuscys, Pseudomys higafnst, B, lutrealus, R
rattus and R, norvegicus, with the black tiger snake being the
definitive host = S, notechis: sporocysts from the black tiger
snzke were transmitted to experimental R. ngrvegicus intermediate
hosts - Munday and Mason, 1980).

Kan (1979) concluded that species of rodent Sarcocystis do not
have a very strict specificity for the intermediate host. Three
- types of cysts were considered by him to be three distinct species
. of Sarcocystis cccurring in the various rodent intermediate hosts,
as they were morphologically different and unlikely to represent
developmental stages of one species.

Becker et 3], (1979) reported on the develapment of S. myris
~ merozoites in cultured cat lung cells and in cultured dog kidney 3 SR
cells. Complete sexual development occurred only in cultures from ]
the known final host, and only a few gametocytes occurred in dog
kidney ceils. The authors suggested that the reason gametocytes of
« S. muris had been present in cultured dog kidney cells was because -
of the large number of passages of the cel1 Vine, which may have o
Ted to decreased host specificity. No schizugony took place before e
gametogany. After 6 hrs p.i. the spherfcal parasites Tay within a : .
parasitophorous vacuole, Micro- and macrogametocytes were .
indistinguishable after 12 hrs p.i. Microgametocytes gave rise to o
) 20-30 microgametes (14 hrs p.i.), each of which possessed two or .
A theee flagella, Macrogametes were always spherical in farm. No
sexual stages were observed after 22 hrs p.1. At 18 hrs p.i., most
of the parasitic stages were ocacysts bounded by a wall comsisting
of a dense outer layer and four membranes. The cocyst cytoplasm was e
surrounded by two cell membranes. After 22 hrs p.i., sperulating
oocysts were found in vivg in cats only in the lamina propeia, The
sporocysts possessed a bi-layered wall with rupture zones to
facil{itate excystation. Species differences between S. puris and

N other species of Sarcocystis could not be recognized from the
I 1. morphology of the sporocyst wall. . !
) " Cysts in white mice infected with sporocysts of S. muris from

cats were studied ultrastructurally by Fedoseyenks and Levit
(1979). In addition to merozoites and dividing metrocytes,
fntermediate cells resembling those described for Frenkelia were
found within the cysts. Both the metrocytes and intermedfate cells -

;




underwent endodyogeny, with the former giving rise to four daughter
cells simultaneousty,

Yernd and Ally (1979) compared two species of Sarcocystis from
the common vole Microtus arvalis. The first was 5. cernae, whose
definitive host 1is the kestrel Falgo timnuncylus, The second was
similar to 5. putorii, described by Tadros and Laarman {1976). The
definitive hosts of S, putorii are the ferret Mustela putorius
furo, the European wessel M, mivalis and the stoat rminga, Thi
morphology of the cyst walls differed between the two spectes, In
addition to the thin cyst wall, formed by the membrane of the
parasitophorous vacuole, the cyst wall of S. putorii had thin,
closely adjoining processes, The muscle merozoites of S, putorit
were longer {13-17 gm x 2-4 um) than those of S. cernae (8-9 gm x
2-2,5 pm). The occurrence of two types of zoftes fn S. putorif
suggested that sexual differentiation (such as between macro- and
microgametocytes) may occur at the cystic stage of development of
Sarcocystis.

McKenna and Charleston (1980) fsolated sporocysts from natura}ly
fnfected cats and succeeded in transmitting Sarcocystis to mice but
not to laboratory rats. The sarcocysts were smooth, thin-walled
cysts, divided into compartments by septa. These cysts resembled
those of S. murds and the parasite was, therefore, considered to be
this species. The sporacysts of nzturally fsolated 5. muris were
similar fn size to those measured by Ruiz and Frenkel {1976). The
prepatent period for the shedding of sporulated sporocysts by
experimentally infected cats was 5-6 days p.i. McKenna and
Charleston {1980} suggested that'Sarcocystis species are highly
host specific for their intermedfate hosts, despite the
morphological similarity of sarcocysts observed in rats and mice
and “heir common definitive host. Sarcocysts, morphologically
simitar to S. muris, were found fn both wild mi-e and rats R.
norvegicus in New Zealand {Collins and Charleston, 1979}, The
species found fn the rat was transmitted by the cat, although the
definitive host for the sarcocyst located in the wild mouse was
unknown .

A comparative study by Mehlhorn and Frenkel {1980), using S,
murts n specific-pathogen-free (SPF) mice as a laboratury model,
highlighted features unique to the genus of Sarcocystis. A1l cysts
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were found within muscle fibers, irrespective of the age of the
infection. The primary cyst wall of §, muris was composed of a
wembrane which formed numeraus bleb- or vesicle-]ike structures on
short stalks, which projected into the cytoplasm of the host cell.
A dense Tayer of ground substance beneath the 1imiting membrane,
fi1led the blebs. Mehlhorn and Frenkel (1980) found that although
the primary cyst wa}l appeared wavy occasionally, no typical
protrusions were formed. A secondary cyst wall was not present
around the parasitized muscle fibre, Both metrocytes and merozoites
were separated fnto clusters by septa of electron-Tucent ground

which had the app of pi in the interfor
of the cyst. The presence of metrocytes in the cyst, the
osmiophilic Tayer of the primary cyst wall, the intrusion of the
ground substance into the cyst as septs and the presence of
species-distinct protrusions, are characteristic of the
intramuscular cysts of Sarcocystis.

Collins (1981) reparted on the prevalence of sarcocyste in R,
rattus from Stewart Isiand near New Zealand. "o ultrastructural
esamination of the intramuscular cyst walls was carried out for
comparison with the microscopic thick and thin-wailed sarcocysts
found in R, rattus by Munday et al. (1378) fn Australia. That the
cat is the definitive host, was suggested by the Yarge number of
feral cats on the island and by the studies of Ashford (1978) and
Collins and Charleston {1879), which showed thau Sarcocystis fn R.
norvegicus is transmitted by cats.

A survey by Munday and #ason (1981), involying R exulans from
islands, showed the absence of Sarcocystis, despite the presence of
a feral cat population. The fdea of the cat being the final host of
Sarcogystis of R. rattus found previously in Tasmania {Munday et
21., 1978) was confirmed experimentally by the authorsi but whether
the Sarcocystis species found in black rats in Tasmania fs the same
as that which infected R. norvegicus and R. rattus in New Zealand
(Collins and Charieston, 1979; Collins, 1981) could not be
established. Sporocysts from cats infected with Sarcocystis of R
nervegicus {see Collins and Charleston, 1979) were similar in size
to those from cats fed infected Tasmanian R. rattus by Munday and
Mason (1981) (10,6 pm x 7,9 um and 10,8 um x 7,2 pm, respectively).
The cat/R. rattus sporocysts were infective to R norvegigys and
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poorly nfective to mice. It was suggested by Munday and Mason
{1981) that this R. raltus species of Sarcocystis is distinct from
both S. muris and S, gymruensis, which are possibly genus specific,

The enteric development of S. muris was described by Entzeroth

and Chobotar (1982). Initially, gametocytes were located in a
three-membranal-complex parasitophorous vacuole within the goblet
cells of the intestine of the final host (7 hrs p.i.). At 12-14 hrs
p.d., microgametes were seen to develop at the periphery of
microgametocytes, which had characteristic, lobed nuclei, The
flagella of the microgametes projected into the lumen of the
parasitophorous vacugle. Spherical macrogametocytes had a cemtral
nucleus, endoplasmic reticulum and "wall forming" spherical bodies
at 10 hrs p.i. Development of the cocyst wall seemed to be from 2
membrane complex beneath the epithel{um of the intestine.
" A study of the response of mica host to challenge infections of
3. muris was carried out by Leter et 1. {1982). Mice lmmunized
with irradiated sporocysts failed to become infected when
challenged with 1000 sporocysts on days 40 and 77, respectively.
Super-infection of mice with 5. muris (Hofer et al., 1982) was
possible after 60 dup.i., but the number of cysts which developed
was smaller than in the tnitial infection (cf. S. dispersa where
complete immunity to reinfection was aobserved 100 d.p.i. by Hofer
et al., 1982). Heterologous infections of mice with S, puris and S,
dispersa were successful, without any reduction in the number of
cysts that developed, Repeated homologous and heterologous
infections were found to have no influence on antibody formation,
which shoved significant titre increases from day 40 in S. muris
infections, and from day 20 in infections with §, dispersa, Cross
NMRI mice and house mice were used in the study.

Tadros and Laarmen (1982) discussed S. putorii, which they had
described fn 1978, The parasite completes 1ts sexual cycle in
mustelids, Sporocysts (10,5-12,8 pm x 7,5-9,6 ym) found in the
faeces of European weasels Mustela nivaljs produced fntramuscular
cysts in the European vole Microtus arvalis and the short-taifed
vole M. agrestis. Based on morphological and tramsmission studies,
Tadros and Laarman (1978) stated that K, arvalis and M. agrestis
share at least one species of Sarcocystis. Asexual development in
the intermediate host occurred in the lymph nedes, spleen and
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particularly ia the Tfver parenchymal celis. At least two
generations of schizents were observed in these organs at 12 and 37
d.p.i. Infection of M, arvalis with one mi111on sporocysts of S. =
putorii from weasels caused a Joss of condition, inappetance,
dehydration, coma and death, which coincided with schizogeny in the
1iver, Young cysts were first located in the muscle 37 d.p.i. The
mature, macroscopic cysts had bristle-like cyst wall protrusions.
Yltrastructirally, the cyst wall protwusions were Jong and tongue- g
11ke with narrow bases. The invagination of the limiting membrane
into the thick underlying osmiophilic layer gave the protrusions a
corrugated appearance. Fibriliar elements extended along the
lengths of the protrusions into the ground substance (Tadros and
Laarman, 1978).

In the weasel final host, the parasita had a prepatent and .
patent period of 7-8 days and 60 days, respectively. Ferrets M, '
putorius furo and polecats M. putorius also proved to be suitable

" final hosts for this parasite. Gametogony was observed fa the
lamina propria of the posterior third of the small intestine in
experimentally infected ferrets. In naturally infected weasals,
oocysts were detected in the lamina propria at the apeces of the
vi111. Sporocysts from the stoat M. erminea produced a similar
parasite {n voles, However, no infection occurred in the mink M.
lutreala as a final hest, or in the bank vels Clethrionomys
glareglus as an intermediate host,

In the comprehensive review by Tadros and Laarman (1982), it is
stated that foxes Vulpes yulpes and ¥, corsac serve as final hosts
of S, citellivulpes of the yellow suslik Citellus fulvus, -

A species of Sarcocystis from badgers Taxidea taxus, which has
the Richardson's ground squirrel Spermophilus richardsonii as an
experimental intermediate host, was described by Cawthorn et al.
(1983) 2s §. campestris. The macroscopic cysts {n the brain and 1
skeletal muscle had finger-1ike protrusfons with longitudinal :
striations. The cyst wall {6,4 um} was thicker than that of §,
citellfvulpes, Cawthorn et al. {1383) pointed out that as the
intermedfate host spacificities of S, campestris and S.
clteilivulpes are not known, and as the specificity for both
intermediate and final hosts is highly vartable for species of
Sarcocystis, cross-transmission experiments are needed to confirm




that . gampestris and §. citellivulpes are fndeed two distinct
spectes. An initial schizogonic cycle takes place within the 1iver
of the squirrel intermediate host 4 dup.i., as fn several other
species of Sarcocystis that utilize rodents as intermediate hosts.
The authors suggested that 5. campastris may be an mportant
pathogen for ground squirrels as four oyt of ten animals, infected
with relatively few sporocysts, died. The deaths were associated
with precyctic stages of S, campestris.

TWo new specles of Sarcocystis were described by Dubey (1983b)
from the meadow vole Microtus peansylvanicus. Ultrastructural
studies on the sarcocysts from one meadow vele, which harboured
both parasites in skeletal muscle, showed differences in the
morpholagy of the cyst wall. 5. montanaensis were microscopic and
thin-walled. They were less prevalent in the intermediate host
(four out of 47 sarcocysts). The cyst wall had minute blebs with a
distinct osmiopiilic Tayer and tacked protrysions, Merazoites were
11,1 pm % 3,3 gmo S, microti had a thick wall with finger-1ike
protrusions that contained fibrillar eiements which extended intc
the ground substance. The merozoites were 15 pm x 3 jm. Sobh cyst
types were divided into compartments by septa, in the interior of
the cyst.

Four thin-valled cysts were found by Tubey (1983b) in one long~
tailed vole M. longicaudatus and numerous thick-walled cysts were
found in another, These cysts are similar to S, montanaensis and S.
microtd, respectively.

Dubey {1983b) considered the cysts he examined to be two new
spacies of Sarcocystis, different from sarcocysts in "domestic®
rats and mice. His decision was based on the fact that Sarcocystis
s considered to be host specific (or at any rate was at the time,
perhaps) and because cyst wall morphology 1s useful in
distinguishing between spectes in a single host.

Attempted cross transmissfon of S.muris using voles Microtus
pennsylvanicus and gerbils Meriones unguiculatus as potential
intermediate hosts, was carried out by Woodmansee and Powell
{1984). The attempts were unsuccessful, both in untreated and fn
dexamethasone-treated voles and gerbiis. The authors suggested that
differences in 1n vitro excystation rates of sporocysts in gerbils,
voles and mice should not be ignored fn the search for a




physiological basis for the host specificity of §, muris,

Entzeroth {1984) showed, ulteastructurally, the penetration of
intestinal cells of the cat final host and cultured dog kidney
cells by merozoites of §, muris from an experimentally infected
wouse, The formation of the parasitophorous vacuole and the
function of the rhoptries were described. Electron-dense granular
materia), thought to have been derived from the rhoptries, is
excreted into the parasitophorous vacuole. This protein material
may play a part in the cytochemistry of host-parasite membrane
interaction,

6911 et al. (1986) studied the infectivity of sporocysts of S,
purds when injected intraperitoneally into mice. As mice have been
found to become infected when sporocysts whose wails are highly
tmparmeable are injected into them, sporocysts were cultured fn
vitro with macrophages from uninfected mice. The authors found that
more than 90% of the sporocysts had been phagocytosed within 8 hrs.
Stafining with Giemsa at {ntervals over 24 hrs showed that the
propertion of sporozoites stained had {ncreased. The authors
suggested that the permazbility of the sporocyst walls, possibly
along suture Tfnes, fs affected by the antimicrobial oxidative
mechanisms of the macrophages, thus ajlowing the sporozoites to
escape.

Species of rodent Sarcocystls with mammalian definitive hosts,
and which are 1isted in tevine and Tadros {1980} and Levine (1986}
but not in the historical review, are:

Sarcocystis azevedol Shaw and Lafnson, 1969
Intermediate hest: rice rat Oryzomys capitg
Definitive host: unknown

Sarcocystis baibaginacanis Umbetaliev, 1979
Intermediate host: marmots Marmota batbacipa, M. bobac, M.
caudats
Definitive host: dog Canls famildaris, wolf C. lupus, fox Yulpes
yulpes




Sarcocystis bozemanensts Dubey, 1983

Intermediate host: Richardson's ground squirrel Spermophilus

richardsonit
Definttive host: unknown

Sarcocystis ¢z, fae de Almeida, 1928
Intermediate host: guinea pig Cavia porcellus
Definitive host: unknown

Sarcocystis cricetuli Pattan and Hindle, 1926
Intermediate host: striped hamster Cricetulus griseus
Definitive host: unknown

Sarcocystis eutamias Tanabe and Okinami, 1940
Internediate host: chipmunk Eutamias asiatieus
Definttive host: unkrown

Sarcocystis oryzomyos Shaw and Laimson, 1969
Intermediate host: rice rat Qryzomys capito
Definftive host: unknown

Sarcocystis pitymysi Splendore, 1918
Intermediate host: vole Pitymys savii
Definitive host: unknown

Sarcocystis proechimyos Shaw and Lainson, 1969
Intermediate host: spring rat Proechimys guyamnensis
Befinitive host: unknown




RODENT SARCOCYSTIS SYECIES HAVING BIRDS AS FIHAL HOSTS

In 1976, the 1ife cyclie of a species of Sarcocystis from the
common vole Microtus arvalis and which has the kestrel Falco
Slununculus as the definitive host, was described (¥ern§ and
Lou¥kovd, 1976); Levine {1977) later named this species Sargocystis
cernae {see Leyipe and Tadros, 1980),

It was found that sporozoites of §. cernag (5-6 pm x 2 pm)
exsysted in the anterfor portion of the small fintestine of M.
arvalis 2 hrs p.d. {Eernd et al., 1978b). Schizagony, invelving
multiple synchronous endopalygeny, was observed in the Yiver
parenchymal ceils at & d.p.i. In a comparison of the asexual
development with S. digpersa Gerns, KoldFovi and Sule, 1978,
nultiple synchronous endopolygeny was also ebserved, by electron
microscapy, in the tiver of 2 house mouse fnfected with §.
dispersa (see senaud and Eernd, 1978). 5, dispersa was recovered
from a barn owl Tyto alba by Cerna at al. (1978a) and was Found o
produce intramuscular cysts fn the mouse.

The formation of $. Cernae cysts tock place only in skeletal
muscle. Inoculation of these cysts {nto the kestrel produced a
patent infection after 7.8 days, with oocysts and sporocysts
measuring 19-20 g x 13-15 um and 13-16 ym x 10-11 pm,
respectively, Infective merozaites (cystozoltes) were 80 ym X 2-
2,5 pm. §, dispersy was shown to have stages of development,
similar to those of 5. gevnae, in the liver (4-8 days p.t.);
formatian of cysts in the skeletal muscle; and similar prepatency
{8~10 days p.1,). However, the dimensions of the oocysts (17-22 pm
% 10-14 pm), sporocysts (11-14 pm x 8-12 pm) and cystozeic
merozoites (5.9 pm X 2 pm) differed from these of 5. gernae,
according to Cernd et al. (19786} - see above.

Similarities in the developmental stages of twe genera,
Sarcacystis and Frenkelia, has prompted 2 suggestion by Cernd et
2l. (1978b) that Frenkel{a be made a sub-genus of Sarcoeystis,
baged on a single difference between the two, In experiments with
Sarcocystis spacies from birds, cysts were only found in muscle of
intermediate hosts. Frenkelia on the other hand, has cystle stages
in the brain of experimental animals,
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Sporocysts of 5, cernae fnoculated into white SPF Jaboratory
mice showed some degree of excystation at 3 and 3,75 hrs p.is; most
of the sparocysts did not excyst. No deveiopment of the parasite
was abserved in the Viver. The authors (fernf et al., 1978b)
expressed the opinion that the results confirm the considerable
host spectficity sarcosporidians have for thefr intermediate hosts.
Twe tawny owls Stri uco which were fed skeletal muscle from
infacted voles did not shed any cacysts/sporocysts of S, gernae in
thetr faeces,

The ultrastructural development of the asexual stages of S.
dispersa in the 1iver of the house mouse was described by Senaud
and fernd (1978). The parasite developad in Lhe cytoplasm of
hepatic cells, producing numerous merozoites by synchremous
multiple endopolygenesis. After reaching the muscles, the
merozoites reproduced in “"xenoparasitones, the wall of whith was
sald to be established by the host musclé cell and which fsctates
the parasites in a parasitophorous vacusle., The morphological
arrangement of the cyst wall was described as being made up of
numerous parallel folds, Both metrocytes and merozoites were
fdentified, muitiplying by endudyogeny, The authors suggested that
differences 1n the morphology of the developmental stages, the
structure of the cyst wall and the diffovent definitive hosts (Tyto
alba and Aslo gtus for S, dispersa), show that S, dispersa and S,
muris {whose deffnitive host {s the cat) are two different species
of Sarcocystis.

In 1376, ebeki was described by Tadros and Laarman {Levine
and Tadros, 1980}, The successful intraperitoneal inoculation of
pre-cystic schizosts of 5, sebeki from donor to recipient
intermediate hosts Apodemus syivaticus, was reported by Tadros and
Learman {1978}, In the study, laboratary-bred long-tiiled fieldmice
A sylvaticus were fnoculated orally with sporocysts #~om the tawny
owl. Schizonts which contained numerous merozoite. =re found {n
the Tivers 8 days pd. Fleldmice which were then inoculatad
intraperitoneally with the homogenized 1iver suspension, developed
sarcacysts in the abdominal wall, diaphragm, hindiimbs, fore)imbs
and thorax, & wonths after imoculation.

As these experimental infections resulting from intraperitoreal
injection of pre-cystic merozoites were 1ight compared with those
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1n antmals fed sporocysts, and the development of sarcocysts took
place fn muscular tissue in close contact with the peritoneal
cavity, it was suggested that the merozoites from schizonts are
capable of invading muscular tissue directly.

In a review of the Sarcosporidia of carnivorous birds by Fernd
et al. (1982), it was reported that a Sarcocystis species in
Tengmaln's owl Aegolius funereus produced intramuscular cists in
the bank vole C. glareolus. S, cerpae occurs in the kestrel F.
tinnunculus; S, dispersa in owls T. alba, A. otus and Tyto novae-
hol Yan and 5. scotti and 5. sebeki in tawny owls S. aluco. The
authors found in addition, that sporocysts fram the goshawk
Accipter gentilis produced intramuscular cysts in the house mouse.
Sporocysts were also found in the eagle owl Bubo bubo, sparrowhawk
Accipter nisus and marsh harrier Circus aeruginosis, but the
identities and intermediate hosts of Losse sarcosporidians were not
established.

In a comparative review of Sarcosparidia of rodents having birds
of prey as definitive hosts, Tadros (1981) discussed the research
on four species of Sarcocystis: S. cernae of the vole M, arvalis
with the kestrel F, tinnunculus as the definitve host; S, sebeki of
the Yong-tailed fieldmouse A sylvaticus and which has the tawny
owl S. aluco as a definitive host; and two species from mice which
complete their sexua) cycles in owls, namely 5. scotti in the tawny
ol and 3. dispersa in the barn owl.

Ultrastructural examination of the asexual stages of the four
rodent/bird of prey Sarcocystis species revealed merozoites in
schizonts in parenchymal liver cells, arrenged araund a residual
body in the form of a rosette {Tadros, 1981). Asexual
multiplication was by synchronous endopolygeny, as described by
Eernd gt a1. (1978b) for S, cernae and S. dispersa. The parasites
4id not develap & parasitopharaus vacuole (according to Tadros,
1981}, and damage to the 1iver, accurring 57 d.p.i. when infection
was prodably at Tts peak, often had fatal results.

Muscle cysts contained metrocytes 12 d.p.i. and cystozoic
merozoites as early as 30 d.p.i. The early maturation of cysts of
rodent/bird Sarcocystis species differs from those species having
rodent/manmal hosts. Ruiz and Frenkel (1976) reported that cysts of
S. muris, which has the cat as a final host, were only infective
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after 76 d.p.i. The size of the rodent/bird cystic stages alse
differed from Sarcocystis species having mammaiiap final hosts -
the elongate and siender merozoites being Tess than 10 yn in
Tength, in contrast to those of $, muris, which are 14-16 um long,
A1 four species of Sarcocystis discussed by Tadros (1981) had
smooth cyst walls without conspicuous protrusions (which Tadros
(1981) stated are generally found in Sarcocystis species with
ganna) fan fina) hosts).

Sexual development of 3. cernae tock place in the epitheiial
cells of the duodenum and in the small and large intestine of the
host. Gametogonic stages were obsarved specifically in the
epithelium of the vi111 and the crypts. Developing oocysts had
moved to the lamina propria, where mature oocysts were found 7
dupad. '

E£xcystation of the sporacysts of §, cernae was observed by the
author {Tadros, 1981} after expasure to carbon dioxide (COp). A
specific hile-trypsin solution activated the sporozoites, which
were released when the sporocyst wall shattered into four hinged
plates.

sarcocystis and Frenkelis are parasites having identical
obligatory, heteroxenous 11fe cycles, with asexual development
taking place by schizogony and endodyogeny within a tissue cyst of
2 specific intermediate host. Sexva) development involves
gametogenic and sporogonic stages in the intestine of a definitive
host, without an initial schizogonic phase, In addition, both
parasites have similarities fn the morphology of thelr tissue
cysts, and phystologicdlly similar cystozoic merozoites. In view of
this, Tadros {1981) assumes that Frenkelia is phylogeneticalily
closely related to other avian/rodent sarcosporidians, The
hypothests that obligatorily heteroxenous parasites are derived
from heteroxenous coccidians of carnivares « through increasing
degrees of heteroxenity - Is said to be supported by the fact that
sarcosporidian species with phylogenetically related avian final
hosts have morphologically similar tissue cysts.

Tadros and Laarman (1982) gave details concerning a species of
sarcocystis of A, sylvaticus which was originally recovered from
the faeces of a tawny owl. This species of Sarcocystis was named 3.
sebeki by Tadros and Laarman in 1976. The species was found to be




pathogenic to the rodent intermediate host following administration
of 500 000 sporocysts. 51x to 7 days after infaction, schizogony
was observed tn the parenchymal cells of the liver, The
intramuscular sarcocyst had an invaginated cyst wall, but Tacked
protrusions, 5. sebeki has been successfully transmitted to
1aboratory mice, but not to bank vales C. glarsoius or the European
vele

ryalis.

S. dispersa, a species recovered from the barn owl, produced
intramuscular sarcocysts in laboratory mice. The species was
descrived by fernd and Senaud (1977%), according to Tadros and
Laarman (1982). In confirmation of the 1ife cycle of S. dispersa,
Tadros and Laarman {1382) observed immature and mature schizonts in
parenchymal cells of the liver, 4 and 7 days, respectively, after
oral froculation of a laboratory mouse with sporocysts of §.
dispersa. The asexuyal schizogonic development of this parasite by
syachronous multiple endopolygeny was first investigated by Cernd
and Senaud (1977), Senaud and fernd (1978) described the
ultrastructural morphology of the cyst wall. Cernd et al, (1978a)
reported that S. dispersa could nmot be successfully transmitted to
the vole M. arva The long-eared owl A, otus proved to be a
suitable final host.

Sporacysts from a naturally infected tawny owl S, aluco produced
intramuscular cysts in labowatory mice but mot in the long-tailed
fieldmouse A. sylvaticus, the European vole M. aryalis or the bank
vole L. glareolus. Levine and Tadros (1980) named this parasite S
scotti,

Lernd and Loufkovd (1976) found that cocysts from the kestrel F.
tinnunculus produced macroscopic sarcocysts in skeletal muscles of
the vole M. arvalis, The life cycle of this parasite, named S.
gernae by Levine {1977), was discussed by Cernd et al. (1978b).
Tadros and Laarman {1982) isolated the same organism from kestrels

* Bernd {1983) potnts out that 5. dispersa was named in a paper by
¥ernd et al. (1978a), containing a description of the 1ife cycle in
the intermediate and final hosts. The paper by Yernd and Senaud
(1977) dealt with the electron microscopy of part of the asexual
cycle of S, dispersa,
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1n the Netherlands and confirmed the multiplication by synchronous
endopolygeny in schizonts found 1o the 1§ver, They reported the
excystation of the sporocysts in Microtus b1le-trypstn solution

_ (Tadros, 1981 - see above). [ )
Tadros and Laarman (1982) stated that species of Savcocystis of L ’
R rodents with birds of prey as final hosts, have f1ve features in i
S comton: f‘“\. -
1. Rapid growth of the sarcocysts. 4
2. Smell, elongate merozoites (cystozoites).
3. Sarcocyst walls that lack protrusions. i .
4, Schizonts do not have z parasitephorous vacsole and .
EN schizagony takes place in Viver parenchymal cells by
AR synchronous endopo] ygeny.
5. The schizogonic stage is pathogenic to the host in heavy { }
infections. g

On the subject of the pathogenicity of Sarcocysiis for the ffnal
host, Tadros and Laarman (1982) claim that intensive intestinal . . - : )‘
infection with 5, sebeki caused the deaths of young tawny owls. g K
Juvenile kestreis with natural massive infections of pocysts and
sporocysts of §. cernae in their small intestines, were found dead |7
or dying. In experimental Infections of adult kestrels and tawny R E
owls with S, cernae and §. Sebeki, respectively, blood-stained i
tissue strands packed with sporocysts were extruded in the feaces. ;

Sapcocysts from the skelets) muscle of a European weasel wers '
similar to §, sebeki from A, sylvaticus, An owl fed infected |
mustelid nuscle shed Scanty sporocysts. H

Tadros and Laarman {1982} commented that the appearance of e
muscular sarcocysts in carnivores that are nct normally prey, may )
be the result of sporocysts (shed by other carnivores) being
accidentally fngested, making the carnivore a dead-end hast. There )
is also evidence that Sarcocystis is Tess host specific for the !
intermediate host than has previously been believed. Tadros and /
taarman (1982} reiterated Markus and Daly's {1980} comment that if
some spacies of Sarcocystis are found to form axtra-intestinal
stagas in the same host in which the intestina) development takes
place, then fundamental revision of the current concept of the 1ife
aycle of Sarcoeystis would become necessary. .




The gametogonic development of Sarcocystis species withfn the
subepithelial Tamina propria fn the intestine of avian final hosts,
has far reaching effects on the epizootiology of fnfection. Tadros
and Laarman (1982) suggest that this developmental site, which
allows the endosporulation of oocysts, pratects them from adverse
environmental conditians during sporulatfon, and allows the
prolanged patency of mature sporocysts in the faeces, These
mechanisms provide for the widespread dissemination of sporocysts
over vast areas of terrain and migratory routes. In addition, the
sporocysts are resfstant to environmental influences. Sporocysts of
5. cernae and S, dispersa were sti1) infective to their respective
intermediate hosts after having been recovered from deep-frozen
barn owls and kestrels {-20°C for 24-48 hrs).

Ternd (1982) reported on the usafuiness of S, dispersa in the
mouse s a laboratory model. By using the model, 1t was established
that multiplication during sciizogony takes plase by muTtiple
synchronous endopolygeny (Senaud and Gernd, 1978), and that further
asexual miltfplication takes place in the bloodstrean before the
parasites reach muscle cells, Infections of S. dispersa could be
established in one-day-old mice which recieved fnjections of 1000
sporocysts. The mode] showed the use of Giemsa-stained smears of
infected organs or muscie homogenates in the diagnosts of
sarcosporidiosts,

The degree of fmmunity to challenge infection of the
{nternediate mouse host with S. dispersa was described by Hofer et
a1, (1982). The authors abserved the reduction in the number of
sarcocysts during the-course of infection and the destruction of
cysts through cellular reaction. There was no reduction in the
number of cysts in heterologous infections, using $. muris.
Womologous reinfections of S. dispersa resulted in complete
tmaunity after 107 d.p.i. The formation of antibodfes was not
influenced by the repeated homologous or heterologous infections.
Cross NMRI mice and house mice were used in the study.

Cerva and Sern? (1982) found that with the use of antigen
prepared from S, dispersa cystozoic merozoites, the fndirect
haemagglutination test (IHA) could be used mainly for detecting
homologous antibodies In mice With muscle cysts. The use o7 the
test with sera from other aninal species indicated that the antigen
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LM of §. dispersa and that from Sarcocystis species fsfecting rabbits,
A sheep, pigs and harses, is related. SPF mice of ICR strain were Qe
! used in the study. A total of 31 males and females (weighing s
. i between 18-20 g} were orally tnoculated with a single dose of v

100 000 sporocysts of S, dispersa, At giyen time intarvals, their La®
! blood was used in the serofogical examination. Specific antibodfes )
; were detected on day 20 p.i., and the highest titre level was
o recorded from a mouse which had survived for 125 days p.i.
! Cervi and Gernd (1982) have suggested that either antibody
: formation may be stimulated only when the parasites pass from the [
: reticuloendothalial system to the muscle or that the antigen is B
1 tnable to detect antibodies against the merozoites produced at the -
B aarly stage of mouse infection. L
i Gut (1982) attempted to induce immunity in mice by injecting C . L
4 formalinized zoites of S. dispersa intraperitoseally and
. ,/; subcutaneously. This artificial immunization had the same result as ‘
4 regards the formation 6f specific antibodies as a real infection
with S. dispersa; and provided no protective immunity to further e
j infection with the same parasite. Mice were infected with up to B v R
| 100 000 sporocysts of S, dispersa on day 48 and muscle cysts were .
‘\\J found in five out of 17 animals on day 70 after inaculation with

100 000 zoites. Antibody Yevels reached their maximum 67 days after . L.
experimental tnfection of mice with §, dispersa zoites, and
repeated infection had no influence on their formation. SPF mice of
I6R strafn were used 1n the study.

Ternd (1983) detected dividing merozoites (division occurred by
a process similar to endodyogeny) in the bloodstream of
intermediate hosts of §. dispersa and §. cernae. Two types of
merozoites of S. dispersa were located in blood smears and
impression smears from lungs, Tiver and splaen. Slender merozoites
measured 7-9 gm x 2 ym and broad, diviting merozoftes {8-5 um x 4-5
um) were found free or in macrophages. Dividing merozoites of S.
. 1 cernze were seen on days 5 and 6 p.f, in blood smears and .
E impresston smears from 1fver, Yungs and spleen. '

Reciplent SPF white mice became infected when inoculated with
blood (from 7 deys p.i.) contalning dividing merozoites from donor
mice. Recipient mice continued to bacome infected from blood taken
from donors, 9 and 14 d.p.d., after circulating merozoites could ne
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longer be detected microscopically in the peripheral blood of
donors. Gernd (1983) suggested that multiplying merozoites may
circulate {n the biood at the same time that others are producing
cysts fn muscles of the lntermediate host. Iojtes of §, dispersa
were found {n muscies of experimentally infected mice from 10
dpd.y and their presence in circulating blood Was confirmed up to
14 d.p.i. by experimental intraperitoneal transmission.

The existence of multiplicative stages in the bload of the
intermediate host, or the production and presence of antibodies in
Juveniles, indicates probable transplacental tramsmission in female
mice if they become infected with Sargocystis durlng pregnancy.

Munday {1983} iselated three fsosporan parasites, typical of
Sarcocystis species, from naturally infected masked owls Tygo
novaehollandiae, The first was isolated in mice and was
indistinguishable from 3. dispersa (see Ternd et al., 1978a), The
second (it {5 not clear on what basis this was distinguished from
the other two) was not infective to either rats R, porvegicus or
nice, but may prove to be transmissible to other species of prey
hosts. Docysts (15-17.5 um x 11,9-13 pm) and sporocysts (11,513 um
x 7,25-8,7 um) from {ntestinal scrapings of a masked owl produced
an infection in laboratory rats R, norvegicus, but not in mice,
This 1s the third parasite fsolated by Munday (1983)

Sarcocysts of the third fsolate were found in the diaphragms of
two fnoculated rats but elsewhere Tn the skeletal musculature of
one. The cysts in the diaphragns were twice the diameter of those
in skaletal muscle. Ultrastructurally, the cysts had a simple
{nvaginated wall, without protrusions. The cyst wail morphology Was
quite different to that of 5. dispersa, in that it lacked extensive
folding. Hunday (1983) pointed out that with regard to cyst wall
morphology and/or definitive hosts, it is possible to distinguish
the prganism from other Sarcocystis species describved in rats e.q.
5. cymruensis (see Ashford, 1978), S. murinotechis (see Munday and
Mason, 1980), S. singaporensis (see Zaman and Colley, 1976) and
various ynnamed Sarcocystis spectes (Munday, 1983).

Munday (1983) suggested that this parasite may be the same as
the Sarcoeystis specigs fn wild rats (H. ghrysogaster, R.
lutreolus, R rattus and R, norvegicus) fn Tasmania {Munday gt
al., 1878}, which were thin-walled and simitar to Rzepczyk's Type B
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and Lai's Type II1 sarcocysts (Rzepczyk and Scholtysack, 1976; Lai,
1977). The cyst wall was stmilar to that of §. booliati of the
moonrat Echinosorex gymnurus (Dissanaike and Poopalachelvam, 1875)
Life cycle studies using moonrats and owls would perhaps clarify
the relationship of Munday's parasite to S, booliati.

Ternd (1984) sunmarized the situation zs regards Sarcocystis-
1ike organisms having dirds of prey as final hosts. Sarcocystis-
1ike sporocysts and oocysts had at that time been found in four
spacies of owls and in five species of predatory birds, In addition
to S. cernae, S. dispersa, 5. scoyti and S. sebek! from avian Final
hosts {Table 1), oocysts and sporocysts had also been found in the
eagle owl B. bubo, common sparrawhawk A. nisus and the marsh
harrier C, aeruginosus, Whether these were new or described species
of Sarcocystis and what their intermediate hosts were, was unknown.
Ternd (1984) also reported the recovary of sporocysts from the
intestine of a raven Trypanocorax frugileus,

Recently, a new species of Sarcocystis from snowy owls Nyctea
scandiaca has been reported (Cawthorn et al., 1984). This species,
named S, rauschorum by the authors, was isolated from intestinal
scrapings of a snowy owl and passed through experimental varying
lemmings Dicrostonyx richardsonii as the intermediate host.
Laboratory rats R. norvegicus, house mice, white-footed mice
Peronyscus leucopus, red-backed voles Clethrionmomys gapper{ and
brown lemmings Lemmus sibiricus, could not be infected.

Sporocysts from the intestinal scrapings measured 11,6 ym % 9,2
um. After recycling of the parasite through experimentally iInfected
varylng lemmings, the prepatent peried in snowy owls was found to
be 7 days and sparocysts were shed for 12-19 days. Sparocysts
recovered from the faeces were significantly shorter and narrower
(10,6 um % 8,2 pm) than those from the intestinal scrapings, and
had compact residual bodies within the first 4 days of patency.
Sporagony was observed tnroughout the Tength of the small {ntestine
in the lamina propria, where gametogony was also reported to take
place.

Schizogony occurred within hepatocytes. Both immature schizents
(17,2 pm x 13,7 um) and a single mature schizont (23 pm x 20 pm)
were observed at 7 d.p.d. Later, precystic merogonous stages
develoned in numerous tissues, particularly in the lungs.




TABLE I: Oescribed specles of rodent Sarcocystis with birds of prey as final hosts.

SPECIES INTERMERIATE HOST

5. cernag Levine, 1977  Hicrotus aryaiis

3. dispersa Sernd,
Kol4¥ovd and
Sute, 1978

Mus musculus

5. scotti Levine and
Tadros, 1980

Mus musculus

S, sebeki Tadros and Apodenus sylvaticus
Laarman, 1976; Mus muscylus
Levine, 1978

S, rauschorum Cawthorn, Ditrostonyx richardsonii

FIKAL HOST

Falea binmuncylus

Tyto noyaehollandiae

Strix aluco

Strix aluco

Gajadhar and
Brooks, 1984

Nyctra scandlaga

BUTHORS OF LIFE CYCLE
Fornd and Loutkovd, 1976
¥,

Fernd, 1076

Zernd, Ko18¥ovd and Suie,
1976

Munday, 1977

Tadros and Laarman, 1980

Tadros and Laarman, 1976

Cawthorn, Gejadhar and
Brooks, 1984
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YA Microscopic cysts were present in skeletal muscie, tongue and
ocasstonally fn the cardiac muscle of the fntermediate host at 14
d.pals Cystozolc merozoites (6 wm X 2 ym) appearad at 28 dup.i.
T Metracytes, Jocated peripherally in older cysts, and merozoites
N contained organelles characteristic of the Sarcocystidae.

[N After 57 days, cysts were fnfective to the owl final host. The
cyst wall (0,35-0,70 ym thick) morphelogy is described as simple
and without protristons, similar to that of S, muris in mice (Viles
3 and Powe 11, (976}, and that of S. cernae, $. sebeki, 5. scotti and
e 5. ¢ispersa from raptorial bivds. Cawtharn et al..(1984) state that

21 o although species of Sarcocystis may have simitar cyst walls,

" 5 species determination should alsc take into consideration the final
' and intermediate host specificities, descriptions of the endogenous
BN and exogenous stages and the patent and prepatent periods. S.
rauschorym {s quite distinct from the other four species of
Sercocystis Visted above and which havae raptorial birds as final
hosts, However, 1ike these other species, §, rauschorum appears to
have a narrow range of intermediate hosts.

Sporocysts from the goshawk A, gentilis were transmitted to
white SPF mice by Kola%ovi {1986} and gave rise to sarcocysts
4 N morphologically identical to S. dispersa, Oocysts and sporocysts
R from coprological examinations of 34 goshawks were found to be
similar to those of S. dispersa from barn owls and long-zared owls.
As birds (including long-eared owls) constitute the major part of
the goshawk's diet, rather than mice, it was suggested that
goshawks, as hosts, are {accidentally) utilized only for the
passive passage and distribution of S. dispersa in nature®.

A1l species of Sarcocystis with rodent intermediate hosts and
avian definftive hosts and which are 1isted in Levine and Tadros
{1980) and Levine (1986}, have been mentioned In this historical
reyiew,

* The goshawk A, gentilis 1s also the final host of at least one
species of avian Sarcocystis, namely S. sceipitris (see Bernd and
Kvafhiovskd, 1986), This papar 1s not relevant to this historical
review (which is concerned with species of Sarcocystis of rodents).




RODENT SARCOCYSYLIS SPECIES HAVING SHAKES AS FINAL HOSTS

The existence of a species of Sarcocystiy that had a rat-snake
1ife cycle, was reported %y Rzepczyk (1974). Naturally-infected
carpet snakes Morelfa spilotes varjegata produced sporocysts (3,6
pm K 6,6 4m) and oocysts (13,8 um x 9,6 gm) in their faeces, and
scrapings of the duodenal wall revealed fully sporulated oocysts.
Rzepczyk (1974) subsequantly found a high prevalence (95%) of
Sarcocystis in southern bush-rats Rattus fuscipes from regions of
S. £, Queensland, At least two types of cysts were found
microscopically, in skeletal muscle: those with villous walls and
those without, Infacted muscie fed to a carpet snake resulted in
the production of Sporocysts which were found in the duodenum and
in the faeces in the ¢loaca when the snake was killed {18 weeks
p.i.). Both the carpet pythons and R, fuscipss were collected from
the same geographical area, and the evidence suggests that they are
naturally associatad in a food chain. Sporacysts from carpet snakes
were successfuily transmitted to laboratory-bred R. norvegicys but
no {nfection accurred in laboratory-bred mice.

A subsequent study by Rzepczyk and Scholtyseck (1976) of the
Ultrastructure of the two types of cysts found fn R, fuscipes,
revealed sarcocysts with thick striated walls (Type A) which were
more numerous than the Type B cysts, which had thin, non-striated
walls. The Type A cysts had a primary cyst wall with regularly
arrangad villus-1ike protrusions (6,8-8,7 pm x 0,8-1,4 gmj, which
were smooth but pupctuated by smali invaginations (the authors
stggested that these were sites of pinocytosis). The cyst membrane
was greatly invaginated to form narrow, neck-like regions at the
bases of the protrusions. Clusters of thread-1ike structures
occurred in the granular material of the protrusions. The ground
substance extended fnto the interior of the cyst as septa. Both
metrocytes (5,6 pm 4 3,2 pn) and merozoites (4,7 pm x 1,8 pm) were
present, with their characteristic organelles, e.g. conmoid,
rhoptries and micronemes were seen in individual cells,

Type B cysts had an {rregularly-foided primary cyst wall which
gaye rise to branchad and unbranched protrusions of variable sizes
and shapes. In some broad protrusions, fibrillar elements were
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obsz, ved and the ground substance extended as fine strands into the
intertor of the cyst. Metrocytes (4,1 pm X 2,7 um} without deep
invaginations of the pellicle were observed but micropores and
characteristic organeller were present. Like those in Type A cysts,
nost metrocytes were in some stage of endodyogeny. Elsngate
merozoites (4,6 pm x 1 *Iwith characteristic organe! ies were
also found,

Rzepszyk and Scholtyseck {1976) considered that two distinct
species of Sarcocystis were fnvolved, as judged by morphological
J.rferencas. From the previous study (Rzepczyk, 1874), 1t was known
that the carpet python is fiaftive host of at leest gne of
the species of Sarcocystis .oncerned, The remaining species
probably has 2 final host among other predators of R, fusgipes,
which fnciude reptiles, birds and manmals.

In a comparative study of the ultrastructural cyst wall
norpholagy of sarcocysts from varfous hosts, Mehlhorn et al, {1978)
described macroscopic cysts from the skeletal musculature of a
naturally-infected, wild, eastern swamp rat Rattus lutreolus from
Austraiia. The primary cyst wall was folded into broad invaginated
protrusions that were bath long (6 um) and wide {4 pm). Flbrils
were not present in the protrusions.

Kan and Dissanatke (1977} studie’ the wltrastructure of a
Sarcocystis species found in a saturally tinfected Malaysian house
rat Rattus rattus diardii. The microscopic sarcocysts from the
skeletal muscle had a thin privary cyst wall with Tong villus-itke
protrusions (5,7 am in length). The progimal ends of the
protrusions were narrcw, and the cyst wall was highly invaginated
in this area. The remainder of the walls of the protrusions was
sinooth and punctuated by fnvaginations 306-625 nm apart. The ground
substance extended nto the cyst as thin septa, dividing the zoites
into compartments. Both merozoftas (6,3 um X 1,8 um) and periphera}
wetrocytes (5,2 um x 2,5 ym) were observed.

This species of $arcocystis was very similar in appearance to S,
singaporensis from experimentally infected brown rats R
norvegicus, but with slight differences in the size of the
merozoites, which were larger than those of §, singaperensis (5,5
um x 1,4 um), The protrusions were aiso longer than those of S,
singaporensts {4,0 un) and the cysts contained fewer metracytes.




The structure and appearance of the cyst wall was also similar to
Type A cysts described by Rzepczyk and Scholtyseck (1976), although
the protrusions vere shorter than those from R fuscipes (8,7 ym x
6,8 um), {Kan and Dissanaike, 1977}

Laf {1977), in & light microscopic study, reported five types of
cysts la skeletal (including subcutaneous) musculature, oesophagus
and diaphragm of four species of Halaysian field rats. The first
type of cyst from the Jittle house rat R, exulans and the Malaysian
wood rat R jalorensis was "identified® as S, muris. The second was
considered to be S, singaporensis (similar to Rzepc::
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arganism} and was found in the Singapore rat R annar.::i. 244 in
R. exulans, R. jalorensfs and R r, diardii, The thi= . “Ienth

cysts were thin-walled and the Fifth had a striated wa: i,

In their survey of Sarcocystis in Australfan mammals, Munday .
21, (1978} found eight species of rodents infected. Microsconi
sarcocysts from R. lutreolus, R. rattus, R. porvegicus, Jong-taiies
rats Pseudomys higginsi ard hroad-soothed rats Mastocomys {uscus
were found in skeletal auscle and appeared to be similar, having
thick, striated walls and small zoites, The primary cyst will was
folded into protrusions that were long (6 pm) and wide {4 um}. They
were similar in ultrastructure to the cyst described by Mehihorn et
al. {1976) from R. lutreolus. This species of Sarca;
muripotechis) has the black tiger snake Notechis a
definitve host. Thin-walled cysts containing large zoites ware 11so

found in a single R, rattus and three R. norvegicus.

Huscle cysts with thin walls and small zoites were located in
the water rat ydromys chrysogaster, R. Jutreolys, R. rattus and R.
norvegicus, These cysts were similar to Rzepezyk's Type 8 cyst and
Lai's Type I1I cyst - (see footnote on p. 23),

Wacrescopic cysts found in R, fuscipes and which had thick,
striated walls appeared siniiar to Rzepczyk's Type & cyst and 5.
singaporensis, both of which have pythons as their definitive
hosts, TWo types of cyst were found in the house mouse. One
resembled n species of Sarcocystis which has the sat as a final
host (Hallace's Type B) and the other was simila- to §. disperss
from barn owls Tyto alba,

Brehm {1979} studied the development of S. singaporensis in
Wistar Rattus norvegicus after infection with sporocysts (9,3 um x




7,3 um) from the reticulated python Python rebiculatus. Two stages
of schizogony were observed in endotheifal ce ls of blood vessels
in the Tiver, spleen, kidney, intestfne, lywph nodes, diaphragm and
brain at 6 and 16 dup.i., respectively. From 40 dup.i., skeletal
muscle cysts with metrocytes and merozoites were found. The mature
muscle cysts fn rats measured 1226 ym x 184 pm (Brefm and Frank,
1980), Infected mascle fed to a python resulted in the production
of sporocysts, shed on the 8th and 13th day after infection, with a
ninfmun patency of 73 days. Gametogony and sporogony were observed
below the epithelfum in the duodenum and the anterior portion of
the mfddle fntestine. Unsporulated oocysts were first sieen in Sity
1n the gut wall at 4 days p.i.

Kan (1979} described three different species of Sarcocystis,
based op the ultrastructure of the cyst wall, from five rodent
spectes in Malaysia. Type I was microscopic, with Finger-l1ke
protrusions. It resembled Rzepczyk's Type A cyst and Lai's Type 11

(found in R, annandeli). This species, also similar to S,
singaporensis, was found in R r. diardii, & exulans and .

jalorensis

Type II was macroscopic, With branched dendritic pratrusions. it
resembled Rzepczyk's Type § and Lai's Type I1L This cyst type was
found in R. r. diardii, R. exulans and was the anly kind of cyst in
R. annandalei, Macrascopic Type III cysts had rectangular
protrusions with thick septa. Although The Type I1T cysts were onty
found in R. r. diardlt and R exulans fn Kan's {1979) study,
similar sarcocysts had been reported from R Jutreolus by Mehliorn
2t a). {1976); and Munday et 31. (1378) had Tocated this type of
cyst in M, fuscus, P, higginsi, Re Re rattus and R
norvegicus. It was named S. murinotechis by Munday and Mason
{1980).

As the three types of cyst de .ribed by Kan (1879) were
morphologically distinct, they were considered to be three
different species of Sarcocystis, which have a less than strict
speciFicity for the rodent intermediate host.

Sporogontc develapment of Sarcocystis idahoensis In the
intestine of the gopher smake Pituophis melanoleucas, 9 to 26 days
after befng fad infected deer mice Peromyscus manigulatus, was

lutreglus,
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described by Biedsoe (1979)*. Oacysts were Tocated in
parasitophorous vacuoles in epithelial cells adjacent to the
basement membrane and often protruded into the lamina propria of
the intestine. Sporogony took place throughout the small intestine
and the anterior portion of the large intestine from days 9 to 23
p.i. The formation of sporozoites started at 23 days p.i. Fully
sporulated oocysts and sporocysts were found in the intestinal
Tumen 26 days p.i.
.. The prepatent periods for two gopher snakes fed infected deer
mice, were 31 and 39 days respectively; however, it should be noted
that the snakes only defaecated once every one to three weeks.
Under natural conditfons, the prepatent period may be more
- varizble, such as 4-5 months §f the hosts hibernate. The rate of R
sporogony may also vary accarding to the eavironmental temperature,
as the hosts are poikilothermic. Bledsoe (1979) suggested that the
high prevalence of 5. idahoensis infection in deer mice (40,8%) fs
probably due to the extended prepatent period through the winter Lo
hibernation of the host, which provides a source of infection for .
young deer mice fn the spring. } - K
!

In a subsequent pubiication, 8lsdsoe (1980a) reported the
1eolation of S. idahoeasis from a Great Basin gopher snake
Pituophis melangleucus deserticola in deer mice P. maniculatus.
atanifer and San Diego gopher snakes
P. M. anmectens were used to maintain the parasite by feeding them
deer mice infected with sporocysts from the Great Basin gopher
snake. H

Schizogony in the deer mice occurred in hepatocybes, in contrast  Feee it
to the striated muscle capiilaries reported Tar the Sarcocystis
species discussed by Rzepczyk (1974) and §, singaporensis,
schizogonous development of which took place in the Jungs of Rattus
norvegicus, Sarcocysts of 5. 1dahoensis (4,8 pm x 0,3 gm} in
skeletal muscle had smooth or siightly irregular cyst walls with
small, villus-1ike protrusions. Septa divided the cyst inte

Pacific gopher snakes P, .

* 5. idahoensis from a Great Basin gopher snake and which has deer
mice as {ntermediate hosts, was named in a subsequent publication
by Bledsoe (1980a).




51

compartments which contained merozoites and peripherally located
metrocytes. Asexual schizogonic multiplication in the intestine was
not observed priocr to gametegony in infected gopher snakes.
Microgametocytes were located above the gut epithelia) host cell
nucteus and macrogametocytes were usually found below, Oocysts were
situated adjacent to the basement membrane, often protruding into
the lamina propria of the intestine. Fully sporulated oocysts (13,6
um x 22,3 pm) and sporocysts {13,4 u x 11,1 pm) were located in
the fntesdine and faeces of the gopher snake, Bledsoe (1980a)
suggested that idahoensis 1s a species of Sarcocystis distinct
from Isospora roudabushi, found in bullsmakes P. m. sayi. I,
roudabushi is, however, considered to be a species of Sarcocystis
by Bledsoe (1980a), since fully sporulated sporocysts are present
in faeces. The two definitive hosts are geographically separated
and the ocotysts are found in different locations in the intestine.
Both deer mice and white-footed mice are found in the geographical
range of the bullisnake, while only deer mice are present in the
gopher snake's range. Transmission experiments have shown that S.
idahoensis does not reach patency in white-footed mice or in
laboratary mice,

The attempted transmission of S. idahoensis sarcocysts by
Bledsoe (1980b) to dogs and cats as potential definitive hosts
proved unsuccessful. Inoculation of sporocysts into Taboratary
white mice and white-footed mice did not produce an fnfection
beyand the stage of excystation, which occurred in two white-footed
mice 4 hrs p,d, Oral and intraperitonaal fnoculation of deer mice
P. maniculatus with endozeic mervzoites from the 1iver, did not
initiate schizogony fn the Viver of the recipient, but sarcocysts
were found in their skeletal muscles. Deer mice infected orally and
intraperitoneally with cystozoic merozoites were negative for
sarcocysts and schizonts after 17 days p.i.

Although Bledsoa (1080b) considered Sarcacystis species to have
a narrow fntermediate host range, which exists even within the
genus for S, singaporensis, the explamation for the specificity for
deer mice as {ntermediate hosts excluding white-footed mice, is
attributed to the latter being found outside the geographic range
of the gopher snake in Idaho. 1t is suggested that cannibalism
among deer mica and other populations may provide an alternstive




compartments which contained merozoites and peripherally located
metrocytes. Asexual schizogonic multipiication in the intestine was
not observed prior to gametogony in tnfected gopher snakes.
Hicrogametocytes were located above the gut epithelial host cell
nucleus and macrogametocytes were usually found below. Docysts were
situated adjacent to the basement membrane, often protruding into
the lamina propria of the intestine. Fully sporulated oocysts (13,6
MM X 22,3 pm} and sporocysts {13,4 pm x 11,1 pm} were located in
the intestine and faeces of the gopher snake. Bledsoe {1980a)
suggested that S, idahoensfs is a species of Sarcocystis distinct
from Isospora roudabushi, found in bullsnakes P. m, sayi, 1.
roudabushi is, however, considered to be a species of Sarcocystis
by Bledsoe {1980a), since fully sporulated sporocysts are present
4 faeces. The two definitive hosts are geographically separated
nd the ootysts are found in different Jocations in the intestine,
Both deer mice and white-footed mice are found in the geographical
range of the bullsnake, while only deer mice are present in the
gopher snake's range. Transmission experiments have shown that S.
idahoensis does nat reach patency fn white-footed mice or in
1aboeutory mice.

The attempted transmission of §. idahoensis sarcocysts by
Bledsoe {1980b) to dogs and cats as potentia) definitive hosts
proved unsuccessful. Inoculation of sporacysts inta laboratory
white mize and whize-footed mice did not produce an infection
beyond the stage of excystation, which occurred in two white-footed
mice 4 hrs pd. Oral and intraperitoneal jnoculation of deer mice
P. maniculatus with endozoic merozoites from the iver, did not
fnitiate schizogony in the liver of the recipient, but sarcocysts
were found in their skeletal muscles. Deer mice infected orally and
intraparitoneally with cystozolc merozoites were negative for
sarcocysts and schizonts after 17 days pi.

Although Bladsoe {1980b) censidered Sarcocystis species to have
a narrow intermediate host range, which exists even within the
genus for S. singaporensis, the explanation for the specificity for
deer mice as {atermediate hosts excluding white-footed mice, is
attributed to the latter being found outside the geographic range
of the gopher snake in Idaho. It is suggested that cannibaliem
among deer mice and other populations may provide an alternatire




mode of transmisston of the parasite, due to the ingestion of
merozoites from schizonts fn the tissues of fnfected animals,

Munday and Mason (1980) introduced the name S, murimatechis for
the species of Sarcocystis Tnfecting black rats R, rattus, brown
rats R, pervagicas, tong-tailed rats . bigginsi and the broad-
toothed rat M, fuscus. The parasite was alsv found in the eastern
svamp rat R lutreolus by Mehlhorn gt al. {1976) and Munday gt al.
{1978), and has the black tiger snake Notechis ater as the
deffnftive host. UTtrastructurally, the cyst wall had short, broad
protrusions (6 pm x & sm) with invaginations, but Tacking narrow
neck-11ke bases; making it quite distiact from 5. singaporemsis and
Rzepczyk's Type A organism. The sarcocysts of S, murinotechis are
ultrastructurally fdentical to those found 1a R. fuscipes. (In
Munday et al. (1978} a macroscopic, thick, striated-walled
sarcacyst from the southern bush rat R. fuscipes was reported to be
simitar to S singeporensis and to Rzepzeyk’s Type A cyst).

Sporocysts from tiger snakes measured 11,0 um x 7,25 pm,
“chizogony occurred in the heart, skeletal muscles, lungs and
Kidneys of experimental R, noryegleus. At 12 weeks p.., sarcocysts
measuring 60-90 ym In diameter and up to 300 um fn Tength wer:
present in the skeletal muscles. Large doses of sporocysts proved
pathogenic to the rat intermediste host and to experimental white
mice. The occurrence of a single, thick-walled sarcocyst in the
skeletal muscle of ar experimental white mouse suggests that the
parasite may develop to some extent in this rodent, and in wild
nlee. .

Beaver and Maleckar (1903} isolated three species of Sarcocystis
from laboratory rats R, nor¢azgfcus, fnfected with sporocysts from a

* presumably the macroscopic cyst described n Munday et al, {1978)
from R, fuscipes as being similar to 5. S{ngaporensis and
Rzepezyk's Type A organism is different from the cyst described as
5. murinotechis from B, fuscipes. Should this be the case, then R,
fuscipes is the intermediate host of at least three species of
Sarcocystis. In addition to the two species mentioned abave, Ry
fuscipes 15 hust to a sarcocyst with thin walls and small zoftes,
described by Munday gt al. (1978) - see above.
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naturatiy-infected python P, reticulatus from Singapare, Sporocysts
of different sizes initially produced schizonts in the lungs (7
d.p.i.} and 1n endothelfal cells in the heart, skeletal muscie,
brain, eye, kidney, omentum and Tungs at day 12 p.i. At 15 dup.is,
large schizonts were found in the lungs, and merozoites were
Tocated in cardiac and skeletal muscle. Sarcocysts in ®keletal
muscle were detected as early as 22 d,p.i., and three species of
Sarcocystis could be differentiated at 9 weeks p.d. The thirke
walled cysts with large, stalked vil1{ (5,4 ym x 1,5 pm} were
described as S. singaporensis, similar to Rzepczyk's Type A
arganism. The merozoites were small (6,0 pm x 1,5 um) and the
presence of septa was indicated by the groupings of zoites, The
sarcocyst type, which ultrastructurally possessed short vi11i (1,6
nm x 0,5 ym) with microviili radiating from the primary cyst wall)
was named S, villivillosi. The merozoites were smatl (5,0 ym x 1,0
um) and grouped into compaptments formed by septa, Macroscopit
cysts {1-2 mm % 0,3-0,5 mm) 1n the skeletal muscles had thin walls
with thin protrusions that formed branched, anastomosing
structures. Both the pratvusions and the cyst membrane between the
pratrusions were tnvaginated. The compartmenta)ized merozoites were
small {7-8 pm % 1,5 pm) and bannana-shaped. This Sarcocystis
species was named S, zamani.

Beayar and Maleckar {1981) suggested that despite differences in
the dimensions of the cyst, sarcocysts of 3. zamani appear similar
to thase of Rzepczyk's Type B cysts in R, fuscipes, Lai's Type III
cysts, cysts described by Kan (1979) {Type 2 from R, annandalet, R.
exulans and B r. dlardii) and cysts from R, ratt nervegisus,
Ho chrysagaster and R, Jutreolus found by Munday et al. {1978) -
(see footnote on p 23)

5. singaporensis is reported to occur in R, r, diardif, R
exulans, R, jalorensis and the bandfcoot Bandicete indica, as well
as experimentalliy-infected R, norvegicus, 1f Rzepczyk's Type A
organism is found to be the same as §. singaporensis, then R.
fuscipes should be fncluded 1n the host Tist (Rzepczyk and
Scholtyseck, 1976; Munday et al., 1978). S yi111y1]losi appears to
be a new species of Sarcocystis, and has not been reported in any
naturally-infected host,

Sarcocy.tic Infections did not develop in any of ibe laboratory




mice fed sporocysts from the python. Three strains of laboratory-
brad R. porvegicl. were used in the study. They were agouti Curtis-
Dunning Irish, hooded Long Evans and albino Sprague-Dawiey.

When sporocysts of S, singaporepsis were fed to Malaysian field
rats R tiomanjcus, R. exulens, R. rattus, long-haired rats R
villosissipus and R. colletti® by Frank and dfner (1981),
merozoites and/or cysts could be found in either tissue smear
preparations (not given) or in Sections of the muscles, of all the
experimental rodents. R. norvegicus is recognized as an
intermediate host of S, singaporensis, but Frank and Hdfner {1981)
consfdered this rat to be & secondary {nvader of East Asian regions
and, therefore, unlikely to be the only host for this Sarcocystis
spacies in nature. R, rattus, naturally infected with §.
singaporensis {n Thailand, produced sporocysts in the fasces of P,
reticulatus {13 and 15 d.p.i.), but not in the Indian python P,
molyrus bivattatus. The authors suggested that R, rattus is a
natural host of 5, singavorensis, which is considered to be genus-
specific for the intermediate hosts and spanies-specific for the
definitive hosts (tut see the account below of the work of H&fner
and Frank, 1984},

Tadvos and Laarman {1982) reviewed the finding by Zaman and
Colley (1975) of S, singaporemsis (S. orfentalis) in the faeces of
a Malaystan reticulated python P, reticulatus. Senrocysts (7-11 pm
% 7-10 jm) fed to Taboratory R, norveglcus proved to be pathogenic
to the host §-12 days after the administration of heavy doses
(Zaman and Colley, 1975). Symptoms of pyrexia, lymph node
enlargement, increased respiratfon or dysgroea and dizrrhoea
occurred in the intermediate rodent host, Anaemia and petechial
bleeding were 21se reported {Brehm and Frank, 1980). Pathogenicity
s due to the schizogonous stages that occur in the various tissues
and organs of the tntermediate host. In R norvegicus, merozoites
of S, singaporensis, probably from an Tnitia} schizogenic cycle,
were detected in blood smears, either frae or within leucocytes, &
to ¢ d.p.i. Schizonts were seen fn the Tungs and macroscopic cysis

* The common names of some specias of rodents mentionad here and
elsewhere in the text, are not given {n standard reference works,
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were found in skeletal muscle 2 months after srblethal doses of
sporocysss had been administered {Zaman and Colley, 1975).

Tadras and Laarman {1982) commented that gametogony of
Sarcocystis takes place at a slower rate within epithelial
intestinal cells (> 18 to 24 hrs) {n reptiles than in sub-
epithetial intestinal tissues in non-reptilian final hosts:

Studies by Tadros and Laarman (1982) on S. 1dahpensis from
imported gopher smakes P, melanoleucus, confirmed the findings of
Bledsoe {1980a) with regard to pathsgenicity, schizogeny and
sarcocystic stages in deer mice P. maniculatus.

Dubey (1983a) reported the finding of two distinct kinds of
sarcocyst in the skeletal muscles of dv r mice P. maniculatus from
Montana. Thin-walled sarcocysts were 1dentified as idahoensis.
Hacro- and microscopic sarcocysts {38-1876 pm x 27-81 ym), which by
14ght microscopy had thick wails with hair-like protrusions, were
considered to be a new species of Sargocystis, which was named §,
peromysci, Septa were present in the cysts. Merozoftes
(cystozoltes) of S. peromysel were 11,2 jm x 3,1 pm fn size, WhiTe
13 out of 25 infected deer mice were positive for 5. peromysci,
mixed infections of both types of Sarcocystis were found only in
two deer mice, Ultrastructural studies on the cyst wall were not
carried out.

Studies by Hifner and Frank {1984) on the host specificity and
host range of three spacies of Sarcocystis, which have rodent-smake
11fz cycles, have shown that S, singaporensis and §, villivillesi
have intermediate hosts which are members of the related gensra
Bandichta and Rattus. Naturally-infected spiny rats Maxomys surifer -
from Thailand, which had sarcocysts similar to 5. murinotechis,
could not be infected with either singaporensis or $.
¥il11vitlosi, Maxomys surifer had at one time been included in the
genus Rattus.

snake species belonging to the family Boldae proved to be
suitable definitive hosts for S. singaporensis and S. yillivillo i,
These inciuded the Asian python P. timorensis, the Australian
black-headed python Aspidites melanocephalus and, to a Tesser
extent, the Afrfcan rock python P sebas.

A third Sarcocystis species, from Kenyan river-jacks Bitis
nasigornis, proved infective for a wide range of rodents, fncluding




white mice, multimammate mice Praomys {Mastomys) natalensis, jirds
Meriones unguiculatus, gerbils Gerbiljus perpallidus and a golden
hamster Mesocricetus auratus. These rodemts acted as poor
intermediate hosts, and, as they are not found within the
distribution area {i.e. rain forest) of the definitive host, at
least one natural intermediate host can be anticipated. Reports
thet other Bitis species (African adders) from savanna areas
(inbabited by some of the above intermediate hosts) serve as final
hosts for this species of Sarcocystis, suggests a loose specificity
of this parasite for its hosts.

Hifner and Frank (1984) suggested that host specificity may
depend upon the phylogenetic ages of both/all host types or the
numbers of available hosts, as the genus Rattus includes an
extenstve spactrum OF host species and individuals. Alternatively,
Sargocystis species may develop in closely related "groups" of
hosts from the same geographical area, but animals from other, less
closely related genera may nevertheless he suitsble physiologically
to act as incidental hosts,

H&fner and Matuschka (1984) reported on a Sarcocystis species
which was isolated from river-jacks B, nasicornis and transwitted
experimentally through several hosts (Mesocricetus, dwarf hamsters
Phodopus, Gerbiilus, Meriones, Mastomys and Mus). The parasite had
four different Bitis species as experimental definitive hosts. The
sntves were the puff adder B, arietans, the hornad adder 8.
cauvualis, the gaboon yiper B. gabonica and B, pasicornis; and they
excreted sporocysts (11,1 pm x 8,1 un) which produced macroscopic
intramuscular sarcocysts in the rodents. These cysis were up to 2,5
cm In length and 100-400 pm 1n width, The cyst walls appeared
smooth, and septa grouped the cystozoic merozoites (B-9 ym x 2 pm)
fnto compartments,

Réfner and Matuschka {1984) considered the Sarcocystis species
1solated from river-jacks as being the same parasite orfginaily
{salated from the puff adder 8, arietans. Sparulated sporocysts
from the puff adder were First reparted as Isospora dirumpens by
Hoare in 1933, Following elucidation of the 1ife cyele of
Sarcocystls, I, ditumpens 1s considered to be a species of
Sarcocystis and has been re-named S. dirumpens. S. dirumpans is
presupably the same species from river-jacks discussed by Héfner

S




and Frank {1984) - see zbove.

Sporutated oocysts (17,9 um % 11,0 pn) and sporocysts (10,8 ym ~
7,9 pm} from intestinal scrapings of & rattlesnake frotalus
scutulatus scutulatys were fed to Swiss Webster white mice by
Entzeroth gt al. {1985a). Sarcocysts were found in the skeletal
muscies of the 1aboratory mice from §7 d. The simple primary
cyst wall formed bleb-11ke vesicles on short stalks. In younger
cysts, the cyst wall had an undulating appearance similar to the
cyst from Agomys spinosissimus in the present study (see Figure 1},
In older cysts, the cyst wall had a more even appearance, The
granular ground substance had a thickness of approximately 1,0 pm,
and formed septa in the interior of the cyst which divided the
merozoites and the metrocytes into compartments. Metrocytes at the
periphery of the cyst were seen to divide by endodyogeny,

The simple morphology of the cyst wall was considered by the
authors te be similar to that of 5. puris and, based on 1ight
photomtcrographs, to 5. idahoensis [8ledsoe, 1980a). The
Sarcocystis species in the rattlesnake/mouse 1ife cycle was named
S, crotald by the authors.

Héfner and Frank (1986) studied the ultrastructure of 35,
dirumpens from experimentaily fnfected Mastomys natalensis,
Phodopus sungorus, Meriones unguiculatus, Mus musculus and Rattus
norvegicus. The primary cyst wall was invaginated, with minute
bleb-11ke evaginations. The ground substence was 0,5-1 ym thick and
extended into the futerior of the cysts. Merozoites measured 7- pm
X 1,6-1,9 um. Cysts were considered to be very similar to S.
sebeki, which has a rodent/bird 11fe cycle, The primary cyst wall
of §, grotali (rodent/rattlesnake 1ife cycle), described as
"spharical vesicles on short stalks”, is considered by the authors
in contrast to that of S. ¢irumpens. They ohserved metrocytes
diy{ding by endodyogeny 1n the more mature central parts of the
cyst and metrocytes undergoing multiple synchronous endopolygeny at
the cyst poles. 1t was, therefore, suggested that there might be
several generatfons of metrocytaes, the first dividing by
endodyogeny and subsequent ones multiplying by endopolygeny. Twe
other rodents from East Africa, woodland mice Grammomys caniceps
and striped grass mice Lemniscomys barberus, were found to be
exparimental, and therefore possibly natural, intermediate hosts,




Sporocysts (11,1-12,3 g1 % 8,2-9,4 ) shed by a wild-caught
Aesculapian snake Elaphe Jongissima in southern Germany were found
by Hatuschka (1986) to be infective to species of voles. Through
repeated transmissions, it was found that all snakes of the genus
Elaphe used in the study were susceptible to infuction by the
parasite. The earliest that sporocysts were shed {n their faeces
was after 20 dop.d. Sarcocysts {1 200-4 500 pm X 70-170 pm) which
developed {n bank voles Clethrionomys glareolus, common voles
Microtus aryalis, root voles M, oeconomns and Ginther's voles M,
guenthert had invaginated cyst walls with protrusions that were
thin, invaginated and close to the body of the cyst. Cystoezeic
merozoites measured 10412 pm 1n length and were 2 pm in width, Like
$. dirumpens, this Sarcocystis species 1s presumed to be genus
spectific with regard to the snake definitive host, and has been
named S. ¢lethrionomyslzphis by the author.

0'Donoghue gt al. (1987b) found macrascopic and microscopic
sarcocysts of 5. singaporensis in the skeletal muscles of seven
different species of podent in North Sulawesi and West Java in
Indonesia. S. singsporensis with thick, radialiy-striated cyst
walls and broad, spatula-1{ke protrusions were found in Bunomys
5p.» B. adsperusu, Maxomys bartensi, Maxomys musschembroekii,
Parayromys dominator, Rattus sp. and R. exuisns, Ultrastructeraily,
the tyst wall protrusions were 3,5-5,0 um in Tength, with bulbous,
distal regions {3,0-4,6 pm x 1,0-2,5 pm) jofned to the cyst wall by
short, narrow staiks {0,8-1,5 gm x 0,1-0,7 um}. The stalks had
nighly fnvaginated walls and the bulbous pratrusfons were Filled
with 1oosely-packad ground substance, Microscopic cysts with
smooth cyst walls were detected in four different specles of rodent
(Bunomys sp, B. 2dseerusy, P. dominator and Rattus sp.) from Norla
Sulawesi, Ultrastructyrally, the protrusfons (0,5-2,5 pm x 0,05-0,2
§m) were stender and hair-1ike, with invaginated walls. The
protrusions extended away from the surface of the cyst. The primary
cyst wall was invaginated and a thin band of ground substance {less
than 0,2 um) Yay beneath &, Septa separated the merozoites {3,5-
6,9 um x 1-2 ym) and metrocytes into Compartments 1n the interjor
of the cyst, This species of Sarcocysi(s was named 5.
sulawesiensis, based on 1ts morphology, host range and Vimited
geographic distribution, Nixed infections of §. singaporansis and

T




singaporensis and 5. were not identified, the authors
concluded that extensive research is neaded on the various
Sarcocystis species found $n rodent hosts, not only to elucidate
their 1{fe cycles but aiso to determine the pathogenicities of the
respective parasites and their significance with regard to host
disease.

Sporocysts from the faeces of a Palestinian viper Vipera
paiaestinae were orally fnoculated into mice, Ginther's voles,
jirds {Meriones unguiculatus and M. tristrami), multimammate mice,
and rabbits Dryctolagus cuniculus, by Matuschka gt al. {1987}, Only
laboratory mica became infected. Schizomts were locatea in liver
cells of latoratory mice 9-10 days after infection with sporocysts
112,2 pm x 9,6 #v) shed by naturally and experimentally fnfected
vipers, Hice given's0 000 sporocysts became i11 between 9 and 11
d.pote, and high dosages (5x10°%) proved fz*a to some. Macroscopic
sarcocysts were Tocated in the skeleta. .s3cle of mice on day 36
p.d. and measured 5 000-8 000 pm x 150-400 pm on day 165 p.i.
Ultrastructurally, the cyst wall had cauliflower-Tike protrusions
which were 3,5 um long. The septate cysts contalned merozoites
wWhich were 12-13 pm long. The prepatent period in the vipers was 27
days p.i. Fully sporulated cocysts were Jocatad in the submucosa or
1lamina propria of the intestine of a viper kil7ed 19 dup.d. The
authors stated that this Sarcocystis species diifered from 5.
dirumpens with regard to the stracture of its cyst wall and the
sizes of the sporocysts and sarcocysts. Al1 other snake/rodent
Sarcocystis species have different intermediate and final hosts and
geographical distributions from the species described. It was,
therefore, considered a new spacies of Sarcocystis and named S.
myriviperae by the authors. Matuschia gt al. {1987) suggested that
because representatives of rodent genera other than Mus failed to
become infected, this mey indicate strict host specificity on the
part of S, muriviperae. It should, however, be noted that some of
the white mice {strain not given) also failed to become infected
when tnoculated with 60 000 or 5x10% sporocysts.

Lz
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The species of Sarcocystis that have rodent intermediate hosts
and snake definitive hosts and which are Tisted in Levine and

Tadros (1980) and Levine {1986}, but not in this histarical review,
are:

Sarcocystis lampropeltis (Anderson, Duszynski and Marquardt, 1968)
Levine and Tadros, 1980
Inturmediate host: unknown

Definitive host: king snake Lampropeltis c. ¢ajligaster

Sarcocystis roudabushi {Pelldrdy, 1974) Levine and Tadros, 1980
Intermediate host: unknown

Befinitive host: gopher snake Pituophis s. sayi




3. MATERIALS AND METHODS

Muscle fixed in buffered formal-saline, giutaraldehyde or
Karnovsky's fixatives before processing.

METHOD:

1. Washed in 0,24 cacodylate buffer for 30 mins at 4%C.

2 1% osmium tetroxide in 0,15M cacodylate buffer for 1 hr at 49C.
3. Rinsed in 0,1% sodium acetate 2x10 mins at 49C,

4, 0,25% aqueous uranyl acetate for 1 hr at 4°C,

5. Rinsed in 0,1M sodium acetate 2x10 mins at 4°C,

6. 35% acetane for 5 mins at 490

7. 50% acetone for § mins at 4°C,

8 70% acetone/1% urany? acetate for 3 hrs at 4°C.

9. 90% acetone for 10 mins st room temperature {r.t.}.

10, 95% acetone for 10 mins at r.t.

11, 100% acetone 3x15 mins at rit.

12. Araldité/acetone (25:75) for 2 hrs at r.t.

3. Araldite/acetone {50:50) for 2 hrs at r,

14, Araldite/acetone (75:25) for 2 hrs at r.t,

i5. Araldite for 24 brs at r.t.

16, Polymerized for 2 days at 60°C.

17, Sectioned on a Refchert OMU-3 uitramicrotome. :

SOLUTIONS:

Lacogylate buffer 0,24 (pH 7,46}

Sodium cacodylate [Na(CHg)pRs0p.3H,0] 42,8 g
Hydrochioric scid IR 5.9 mt

- made up to 1000 mi with distilled water,




Sodium acetate 0,1M
Sodium acetate
- made up to 100 ml with distiiled water,

Agueous uranyl acetate 0,253

Urany! acetate

FR - made up to 100 ml with distiiled water,
. ¢
T Uranyl acetate 1% in 70% acetone

Uranyl acetate
- made up to 100 m1 with 70% acetone,

FIXATIVES:

Glutaraldatyde
Glutaraldehyde 25%
Cacodylate butfer 0,2
Water
in osmiun tetroxide.
Osniun tetroxide in 0,15M cacody)ate buffer
Osniun tetroxide (05041 4%

Cacodylate buffer 0,2H

Neutral-byffered formal-saline 10,9%

Forma I dehyde 35%

1,36 g

0,25 ¢

sml
15 mt
20,

- fixation times 15 mins-24 hrs, followed by post.fixation

2ml
6mi

250 m)




bistilled water

Sodium chloride

Sodfun dihydrogen orthophosphate
[KatisP04. K01

Disedium hydrogen orthophosphate (anhydrous) 13
[Na HPO,]

- fixation time 2-10 days.

Note: Most of the materdal for this study was contributed
as muscle sanples by varfous field workers. Consequently,
1t was not normally feasible to have muscle fixed in a
more suitable {for electron microscopy) fixative than
formal-saline, particularly considering the large numbers
of nuscle sanples involved. However, fixation in formal-
saltne has been found to be perfectly adequate for study
of the "gross® ultrastructural features of the sarcocyst
wall, Even material which has been preserved in farmalia
for 15 years is suitable (M. B. Markus, personal
comunication), As 20 aside, deep freezing of muscle prior
to fixation in formal-saline also has 1ittle effect on the
Ygross® fine structural morphology of the sarcocyst wall
{Katser and Markws, 1981), a finding which fs not,
however, relevant to the present study.

Formaidehyde/glutaraldehyde {Karnovsky, 1965

Paraformaldehyde L2
Cacodylate buffer 0,28 1Bl
Water 20 m
Glutaraldehyde 25% Sml
Catcium solution 0.4 ml

- paraformaldehyde was heated {80°C) in the water with 2
drops of sodium hydroxide (1N NaOH) in order to disolve
1t. The solution was allowed to cool and then the other
components were added. The fixative was used within 24
hrs. The fixation time was 2 hrs at 0°C,
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Solutions for formaldehyde/qlutaraldehyde fixative:

Stack galeiun solution

3 Calctum chioride (CaCt 64,01 10g i}
3 Water 1000 1 o ¥
PR B i
2N < 1wl added to each 100 mi of Fixative. o
| e

T Sodium hydroxide 18 . i
Sodfum hydroxide [NaOH] 49

- made up to 100 m} with distilled water.

Note: A 10N solution is 40 g made up to 100 m) with L
distilied water, or 4 g mada up to 10 mi.

ENBEDDING RESIN:

Araldite

araldite o (cve12)” s00g 10m

005A (hardener)® 500 10 m

OMP 30 {accelerator)® 15t 0,3 m

0ibuty] phthalate (plashic{s!r)* 50 m 1ml PN

- The Viquids are highly viscous and require thorough
mixing. the mixed resin can be dispensed into smatl
containers and stored in the deep freeze for up to 6
months,

* Avatlable from TAAB Laboratories Equipment Ltd, England,
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STAINING OF SECTIONS FOR TRANSMISSION ELECTRON MICROSCOPY

A ULTRA-THIN SECTIONS

Stained with aqueous urany} acetate 7% {saturated) and lead
citrate 0,4%.

METHOD:

Both solutions centrifuged before use at 1224 g* (2700 wpm) for
3 mins,

Drops of aqueous uranyl acetate 7% placed on a wax surface.
Grids floated on the drops for 10 mins {dull surface downwards
if this was the side with the sectioned material}.

. Grids rinsed in 3 beakers of disti]led water (30 rapid dips in
gach),

4. Staining procedure repeated with lead citrate 0,48

5. Grids rinsed in 3 beakers of disti11ed water (30 rapid dips in
each).

6. Grids stored in grid ho)der or anti-static box and al)lowed to
atr dry.

7. Sections were examined in a Jeol JEM-100S or a Jeol JEM-100C

electron microscope.

STAINING SOLUTIONS:

Aquecus uranyl acetate 7% [saturated)

Uranyl acetate R
Distilled water 10 ml

- mixed well by shaking.

¥ g was used fn this thesis to denote the standard acceleration due
to gravity and to distinguteh it from g denoting grans.




Les¢ gltrate 03

Lead citrate 0,04 g
Distilled water 10 m
Sodtum hydroxide 108 0,1 m

- shaken vigorously unti) a1) Jead citrate was disolved.

(From Venably, J.H. and Coggeshall, R., 1965, Journal of
Cel) Biology 26: 407-408).

B, SEMI~THIN SECTIONS
Stained with Toluidine blue,

METHOD:

Sections placed in water on a glass slide,

Dried on a hot plate (60%C) so that sections adhered to the

stide.

. Sections covered with stain.

. Left on hot plate for 30 secs {until the edge of the staln
turned gold in colour),

. Rinsed in distilled water.

6, Left to dry.

7. Examined under 11ght microscope.

i

P

@

STAINING SOLUTIONS:

Toluidine blue stain

Pyronin B 1% in disti)led water 1 part
Toluidine blue 1% tn borax 1% 4 parts
\ T e e

. * -




Y FREPARATION OF ULTRA-THIN SECTIONS FOR THE EXAMINATION OF SGHIZONTS
f ‘ L N BQVINE BRAIN TISSUE BY YRANSMISSION ELECTRON MILROSCOPY

ol METHOD 1i ULTRA-THIN SECTIONS FROM HISTOLOSICAL SECTIONS

. -
e R This method was adapted from Federman and Vallespir {1984), but
B modified.,

1. Formalin-fixed sectfons of wax-embedded brain tissue {7-20 ym
thick) were dewaxed, hydrated and stained with haematoxylin apd

LR gosin {n order to locate the schizents,

" 2. Afted statning the sections were mounted in glycerine,

e 3. Schizants were identified by 1ight microscopy and thefr .

oo posttions marked {the positions were marked by exanining the PR

siide upside down and circling the schizonts by means of a

diamond marker fitted to the microscope).

. 4. The coverslip was loosened by fmmersing the slide in warm
vater, b

5. A1l excess tissue was sceaped away, leaving a broad band of ’ s
tissue surrounding esch schizont. R K

6. Plastic moulds® used for embedding material for 1ight
microscopy, with holes {2 mm x 2 mm} cut fn their bases, were @
placed over each schizont and surrounding tissue {a thin layer
of vacuum grease around the edge of the hole kept the movld
steady on the stide and prevented leakage of the respactive
flutds during processing).

1. By means of Pasteur pipettes, the tissue was processed for
transmission electron microscopy by exposure to the foliowing
solutions {wade up as described eariier in this chapter):

Cacodylate buffer 0,28 221 min,

1% oswium tetroxide § mins -

Cacodylate buffer 0,24 L nin,
50% acetons 1 min.

* plastic emhedding moulds S-22 and T-8 avajlable from Peel-a-way
Sctenttfic, California, U.5.A. e




70% acetone/1% uranyl acetate 5 mins
90% acetone 1 min.
100% acetone 311 min,
Araldite/acetone (50;50) 15 mins
Araldite see below

8. The siide and attached moulds were pYaced in an aven and the
rasin polymerized at 60°C for 48 hrs.

9. After removal from the oven, the s1ide was allowed to cool to
room temperature.

10. The slide was then placed e @ hat plate at 100°C for & mins,
after which time the moulds, together With the (now) resin-
embedded tissue, was snapped < 'f,

METHOD 2: ULTRA-THIN SECTIONS FROM SEMI-THIN SECTIONS

This method was adapted from Crocker gt al. (1982}, but
modified,

Semi-thin sections {2-3 ym thick) of araldite-embedded brain

tissue were mounted on @ 51ide, stained with toluidine blue and

allowed to dry.

Schizonts were identified by 11ght microscopy and marked

{schizonts were circied directly, using a diamond marker f{tted

to the microscope).

After marking, the sections w. .overed with a layer of

so)vent-based adhesive {Durotix’) u ¢ incubated at 37°C for 30

mins,

. The slide was then placed in water and the adhesive Tayer
containing the sections was allowed to fioat off, overnight.

. BY means of a dissecting microscope, the circular pisces of

tissue containing the schizonts {“punched-out” as a result of

circling of the schizonts with a diamond marker) we.e Tiftad,

after the Araldite resin and adhesive had begn dissalved in

ethyl acetate.

I

-

Available from Rawlplug Co, Ltd, England.




5. Each piece of tissue containing a schizont was placed in a
capsule {B,E.EM)Y of fresh Araldite resin and polymerized at
§0°C for 48 hrs.

METHOD 3: ULTRA-THIN SECTTONS FROM SEMI-THIN SECTIONS LIFTED
DIRECTLY FROM SLIDES

1. Semi-thin sectious (2-3 pm thick) of araldfte-embedded brain
tissue were mounted on a sT{de, stained with tolufdine blue and
aliowed o dry.

2, Schizonts were identified by 1ight microscopy and marked
{schizonts were circled directly, using a diamond marker fitted
to the microscope).

3. A surplus, polymerized resin hlock was giued over the semi-thin
section on the s11de (Araldite”™ epoxy adhesive was used for
this purpose}.

4. The adhesive was allowed to dry overnight.

5. The s11de was then placed on dry ice for 10-15 mins, after which
time the resfn block, together with the section, was snapped off
the s1ide.

Note: Ultra-thin sections were cut on & Refchert Ultracut-E
microtome 2t a setting of 65 nm. Back {1lumination of the tissue in
the resin block allowed the schizonts to be eastly seen whap
mounted on the ultranicrotome. Sections were placed en copper
grids, stained with uranyl acetate and lead citrate and examined in
a Jecl JEM-1005 transmissfon electron microscope.

The treatment of the histological sections with various
sofutions Tn method 1 and the fnitie] sectioning by means ot o
stainless-steel microtome knife, damaged the tissue. Score-marks
and hotes ware evident in tissue when 1t was sxamined by
transmission electron microscopy. Sections processed by method 2
vere of better quality, probably because of minimal handling of the

* Avatlable From Better Equipment For Electron Microscopy Inc., New
York, U.S.A.
** pvailable from Clba-Geigy {Pty) Ltd.




tissue and the use of glass knives for cutting *he semi-thin
sections. The 1ifting of semi-thin sections directly from siides
{method 3) provided good gquality ultra-thin sections for

SRR transmission electron microscopy. In addition, the method proved to
L Sy be simple and less time-consuming than the other two, The electron

N micrograph in this thesis (Figure 115) of a schizont in formalin-
B g fixed bovine brain (from an asperimental animal which had died at
t teast elghz, and probably more, hours previously) is of a semi-thin

Sl section processed as outlined fn method 3 and sectioned at 65 nm.
L The animal died on day 28 post (eral) inoculation with sporocysts.

MEASUREMENTS Q_F_ SARCOCYST COMPONERTS FROM MICROGRAPHS OF VARIOUS
VAGNIFICATIONS .

Oetalls of the procedure followed as regards the measurement of

T sarcocyst components from electron micrographs, are given in the
o preanble to Table 8.
E
& b
\\ :
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- + METHOD 1: IN AN AUTOMATIC TISSUE PROCESSOR {Shandon-Elifett)

g K 1. 70% alcohsl

e 2. 95% aleohol {1)
3. 95% alcohol (2)
4, Abs. 2)cohol (1)
S, Abs. alcohol (2)
6, Abs, alcohel {3)
7. Chloroform {1}
8, Chloraform (2)
9, Paraffin wax*(1)
10. Paraffin wax (2}
11, Embedded in fresh paraffin wax

=

METHOD 2: MANUALLY

1. 703 aicohol
2, 95% alcohol

3. Abs, aleohol (1)

4, Abs. 2lcohol {2}

5, chlorofarm (1)

5. Chloroform  (2)

7. saraffin wax {1)

8, Paraffin wax (2)

9. Paraffin wax (3}

0. Embedded fn fresh paraffin wax

shaped microtome knife on a Leitz 1512 rotary microtome.

1hr
1,5 hrs
1,5 hrs
1,8 hrs
2 hrs
2 hrs
1,6 hrs
1,5 hrs
2 hrs
3,5 hrs

1,5 hrs
1 hr
1hr
1hr

0.5 hr

0,5 hr
1hr
2 hrs
1 hr

Note: After embedding, the tissue was sectioned with a Leitz wedge-

* Paraplast available from Monoject Scientific Inc., Ireland.

belanr




PROCESSING OF LIVER AND GUT EPITHELIAL TISSUE FOR LIGHT MICROSCOPY

METHOD:

1. 50% Alcohot 0,5 br
2. 70% Alcohol 1hr
3. 954 Alcohol 1he
4. Abs. Alcohol (1) 1hr
5. Abs. “lcohol (2) Lor
6. Methy! benzoate {1} 19 min.
7. Methyl benzoate (2) 10 min,
8. Paratfin wax (1) 1.5 hrs
9. Paraffin wax {2) (in vacuum oven) overnight
10. Paraffin wax (3) 1,5 s

11, Embedded in fresh paraffin wax

Note; To prevent fnversion of the gut epithelial tissue while in
the fixative, the tissue was sometimes pinned to flat pleces of wax
ar cardboard before fixation.

The pieces of Tiver were washed in 308 2]coho) several times
(0,5 hr) before pracessing.

After embedding, the tissue was sectioned with a Leitz
wedge-shaped microtone knife on a Leftz 1512 rotary microtome.




Tissue mounted on glass slides with albumen adhesive, and

stained with haematoxylin and eosin.

LTl
ST HETHOD:
1. Dewaxed in 2 changes of xylene,
2. Hydrated through 2 changes of absolute alcohol and 1 change of
252 alcohol to running water.
3. Stained in modified Mayer's haematoxylin for 5 mins,
4, Washed in running tap water.
5. Differentiated in 1% acid alcohol (4 rapid dips).
6. “Blued® 1n running alkaline tap water for 10 mins.
7. Stained in sosin/phloxine sotution for 30 secs.
& Washed well in running tap water.
9, Dehydrated from running tap water through 95% alcohol (1
change) to absolute alcohol {2 changes).
10, Cleared in 2 changes of xylene.

11. Mounted with entellan.

STAINING SOLUTIONS:

Modified Mayer's haematoxylin

Haematoxy1in 4y
Distilled water : 1000 m1
Sodfum jodate 0.3 9
Alumintup anmoniun sulphate 509
Citric actd 154
thlora) hydrate (preservative) By

~ alumintum ammonium sulphate dissolved in water (heat not
used), Haematoxylin, sodium jodate, citric acid and
chloral hydrate added, in that order. Haematoxylin
solution filtered through coarse filter paper.




Eosin 1% 500 m! . ST
Phioxine 1% 250 mt e
Disti11ed water 750 a1 y
N SOLUTIONS:
Actd alcohol
Hydrochloric acid {concentrated) 10 ml
- made up to 1000 mi with 70% aicohol, » . -

flayer's glycerol albumen adhesive B

Fresh egg white 50 mi . ’
Glycerot 50 m i . K
Sodium saltcylate 1g O L f\

- the ingreu. *s were mixed and filtered through coarse
filter paper, .




STAINING OF IMPRESSION SMEARS FOR LIGHT MICROSCUPY

Impression smears fixed n 100% methanol for 1,5 mins before
statning with Giemsa,

Stafned in Glemsa 10% {with slide 1ying flat and upside down on
ridges in flat stafning dish obtained from the London School of
Hygiene and Tropical Medicine} for 1 hr (sometimes more;
sometimes less, depending on parasite stage or tissue

e cancerned),
b 2. Rinsed momentarily in tap water.

STAINING SGLUTIONS:

Glemsa's stafn 10%

METHOD: =

¢ " 3. Mllowed to afr dry.

Phosphate buffer 1 part
Disti11ed water 4 parts
Then:
L. Giamsa's solution* 1 part :
EUn Phosphate buffer/water solutian (above) 9 parts
E
Lo Solutions for Giemsa's stain:
Phosphate buffer {pH 7,1-7,2)
Disodium hydrogen orthophosphate {anhydrous) g
[CYCIN
Potassium dihydrogen orthophosphate {anhydrous) Z,1 g
[H,P04]
. : - made up to 1000 M with distilled water

* Glemsa's stain {Gurr's New Improved RS6); from BDH Chemicals Ltd.
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PROCEDURE FOR POST MORTEM FIXATION OF TISSUE

8GDY ORGANS

Applicable mainly to rats/mice used for transmission

experiments, After death the specimen was weighvd and the time of
death noted.

\
RIS METHOD:

ye. 1. Blood smears were prepared and allowed to dry.

. : 2. Touch preparaticns were made from the peritoneal cavity and

f o allowed to dry.

P 3. The T{ver was cut and impression smears were prepared. Pleces
B (not Yarger than 5 mn3) were placed in formal-saline at 09¢.
! Pleces (not larger than 1 mm3) were placed in glutaraldehyde or

N 4.

1.

Karnovsky's fixative at 09C.

The lungs were removed. After impression smears had been
obtatned, pieces (up to 5 mn®) were placed in formal-saline
Fixative at 09C. This procedure was repested for kidney, brain,
adrenal gland, pancreas, heart, spleen and mesenteric 1ymph
node.

After dissection, fmpression and blaod smears were fixed 1n 100%
methanol and statned with 10% Giemsa. Some fixed spares were
kept,

Tissues f1xed in glutaraldetyde or Rarnovsky's Fixative were
removed from the ice aftar 2 hrs and placed in the refrigerator
{49¢) for 4-5 hrs before being processed for transmission
electron microscopy. Formal-saline-fixed tissues were stored at
room temperature after being removed from the fce and were
processed for 1ight microscopy several days/weeks later,

SKELETAL MUSCLE

METHOR:

buring the course of laboratory autopsies, pieces of skelstal
muscie (not larger than 5 mm3) were placed in formal-saline at




w
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room temperature and stored for at lezst several days {and often
several months) before being processed for 1ight micrascopy.
Skeletal muscle sent to the Taboratory in bottles by fiefd
collectors, usually arrived in formal-saline. These sampies were
often large. Conseguently, smailer pieces (5 mnd {n size or
Tess) were dissected off the edge and processed for 1ight
microscopy.

Following 1ight microscopic examination, smaller pieces (1 md
in size or Tess) of "positive® skeietal muscle were processed
for transmission electron wicroscopy,

Fresh skeletal muscle received was jmmediate)y placed in formal-
saline {pieces not larger than 5 mm3) for subsequent 1ight
microscopic examination. Thin strips of fresh muscle din
phosphate buffered saiine (P.B.S.} ware squashed betwsen two
glass slides and examined under the }ight microscope. *Positive"
nuscle was then cut (1 mmd) and fixed in glutaraldehyde or
Xarnovsky's fixative for subsequent transmission electron
microscopy.

SOLUTIONS :

Phosphate buffered saling {P.8.5.) (pH 7,4)

Sodium chloride [NaC1] 85 ¢

Potassium chlaride [XC1] %2y

Potassium dihydrogen orthophosphate {anhydrous) 06,2 9
[KHzP04]

Oisodium hydrogen orthochosphate 299
[NagHPO,, 124,01

Galcium chloride dihydrate [CaClp2hy0] 013 g

Hagnesium chioride (MgClp.6H,0] 0,10 g

- the components were added in the above order {neyver
unt{l the previous component had dfssolved). The calcfum
chloride was disscived in 30 m) of distilled water and
then added slowly to tha buffer solutfon. This was
repeated with the wagnesium chioride. Made up to 1000 wi
with distiiled water.
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A small sample {5-10 g) of faecal material was mixed with
distilled water (10 ml) and sieved through fime gauze in order
to remove large particulates, etc.

The £i1trate was centrifuged in a 10 ml tube at 1224 g {2700
rpm) for 3 mins.

The supernatant was removed and the pellet was broken up and
thoroughly mixed in the centrifuge tube with a saturated sodium
chloride solution,

After centrifugation at 1224 g for 3 mins, the solutfon was left
standing for & mins, to allow the sporocysts/oocysts to
accumulate at the surface.

A bacteriological lnop was inserted into the surface fluid. The
Flutd drawn across the loop (£iim) was deposited on to a clean
nicroscope s1ide,

Repeating this procedure resulted in there being a drop of fluid
on the sT1de, A coversiip was placed over the fluid This was
followed by scannifg under the 11ght microscope for the presence
of sporocysts/oocysts,

The coverslip which was placed over the fluld was usually sealed
with Vaseline (petroleum jelly) to prevent evaporation of the
sodfym chioride soTutfon before examination of the preparation
had been completed.




METHOD:

1. Faecal materfal collected from individual antmals was placed tn
2,6% potassiun dichromate (nade up with tap water) 1n Jabelled .
plastic containers and stored at 49C. ’
The faeces were sieved through fine gauze (with potassium
dichronate or distilled water added, f necessary, to the top :
of the mesh while sieving) in order to separate the large - Gy
particulate matter.

The T1quid containing the sporocysts/oocysts was centrifugad in
50 m1 tubes at 1224 g (2700 rpn) for 3 mins., D
After removal of the supernatant, the peliet was broken up and H
thoroughly mixed 1n the centrifuge tube with a saturated sodium
chloride solution.

5. After centrifugation at 1224 g for 3 mins, the solution was

2

e

-

Yeft standing for § mins, to allow the sporocysts/oocysts to ; R
accumulate at the surface, Qe
6. The surface 1iquid was pipetted (Pasteur pipettae) into 60 mi
centrifuga tubes containing clean distilled water.
7. These tubes were ¢entrifuged at 1224 g for 3 mins, after waich
the supernatants were removed and replaced with clean distilled
water,
B. The above washing procedure was repeated again in aorder to
eliminate the sodium chloride from the concentrate. '
9. The concentrates were removed from the tubes and placed ina vt
small glass bottie containing distilied water or potassium
dichromate,

s

. After allowing the concentrate to settle in the bottle for 1
day, the supernatant was removed and replaced with fresh
concentrate,

Large numbers of sporocysts/oocysts could he accumutated in
this way over a period of days.




FLUID

Determination of the number of sporocysts/cocysts in an
experimental inuculum was carried out using a haemocytometer

freh (mproved Neubauer).
e HETHOD:
A
1. The supporting ridges of the haemocytometer were moistened and

} the coverslip pressed firmly in place {until Kewton's rings

appeared).

: 2. The sporocysts/cocysts in suspension were mixed by inverting the
bottie and then pipetting the fluid up and down, before
transfering a drop to the haemocytometer chamber,

3. Four large counting squares were Used (each consists of sixteen
smaller squarss), L.e. one large counting square in each corner
of the grid. A11 the sporocysts/docysts in each large square
were counted, omitting those on the top and 1eft hand lines but
including thase on the bottom and right hand Tines.

4, After counting, the mean of the four large squares was
multiptied by 10 000, This gave the number of sporocysts/oocysts
per mi.

5. (Adjustments to the sporocyst/oocyst concentrations were wade 1f
necessary).

DETERMINATION OF THE DIMENSIONS OF SPOROCYSTS AND DOCYSTS
A Union vernier ocular micrometer snd a Laftz SM-Lux microscops
were used to measure all sporocysts {at a magnification of X100},
FREEZE-DRYING RAT/CAT SARCOCYSTS
The cysts were dissected out into cold P.B.S. They were then
concentrated by centrifugation at §00 ¢ {1725 rpm) for § mins,

after which the saline was removed and the peilet freeze-dried. The
freeze-dried material was stored fn a dessicator at 4°C,




4. RESULTS AND DISCUSSION: ULTRASTRUCTURAL LYST WALL MORPHOLOGY OF
SARCOCYSTES IN SOUTHERN AFRICAN WILD AND DOMESTIC MAKMALS

SARCOCYSTS WITH SIMPLE WALLS
1. RODERTS

A1 sarcocysts in the skeletal muscies of wild rodents from the
eastern Transvaal were simple-walled cysts. The wall of a cyst in
the spiny mouse Acomys spinosissimus was highly invaginated and
formed bleb-11ke structures which were similar to but appeared
Jarger than those of Sarcocystis muris in mice (Viles and Powell,
19765 Sheffield et al., 1977; Mehlhorn and Frenkel, 1980}, The
entire cyst wall, including the ground substance, had an undulating
or peg-1ike appearance, with the peg-iike "protrusions’ measuring
1,60 um in height and 0,50 pm in width at their bases (Figures 1-
3). This undulating appearance was also avident In the S, puris
micrographs of Sheffield et a1. (1979). The wall of the cyst in A
spinosissimus, including the ground substance, was 0,90 pm thick
and the bleb-T{ke structures were 0,2 pm in Jength, The makimun
Tength of the blebs of S, puris was 0,1 to 0,15 pm {MehThorn and
Frenkel, 1980). Herozoites of S. muris were 11-16 X 4,5 pn
(Mehlhorn and Frenkel, 1980}, and thus were Targer than those found
tn Acomys (5,88 um x 1,64 ym}.

In contrast to the invaginated cyst wall of the spiny mouse,
that of a sarcocyst in the multimammate wouse Praomys natalensis,
appeared smooth {Figures 4-6). The thick osmjophilic layer was
interrupted at short intervals along its length by indentations of
the outer unit membrane, The width of the cyst wall, including the
thin undarlying layer of ground substance, was 0,48 pm. The ground
substance extended into the cyst as septa [Figure 4). Merozoites
were 5,09 um n length and 1,62 um wide and were, therefore, of a
similar stze to those found in Acomys. The {morphology of the) cyst
fram the multimammate mouse may represent a stage in the
development of the cyst wall. Dlder cysts might have the highly
invaginated appearance seen in the cyst from the spiny mouse. This
posstoiTity is mentioned because 1t hias bean found that the cyst
wall morphology of S muris varles s1ightly, according to the age




FIGURES 1 ta 3: Ultrastructure of the cyst wall of Sarcocystis of - .

the spiny mouse Agomys spipesissimus, showing the simple,
invaginated cyst wall folded into tooth~Tike undvlations or

“protrusfons'. 1 x7500; 2: x1§000; 3: 30000,

v
L N FIBURES 4 to 6: Ultrastructure of the cyst wall of Sarcocystis of

e the nmultimammate mouse Praomys pataliensis, shewing the simple,
){‘ e . slightly invaginated but basically smooth cyst well, 4 x7500; 6:

" %45000; 6: x60000. . s
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of the cyst (W, A, G. Charieston, 1986, personal communication to
. B, Markus).

Sarcocysts fn the namaqua rock mouse Aethomys pahaquensis and
the red veld rat Aethomys chrysophilus both have similar, highly
invaginated cyst wails {Figures 7-9), The cyst membrane forms
spherical, stalked structures that are similar to those described
for §. muris (see Viles and Powell, 1976; Sheffield et al., 1977;
Mehlhorn and Frenkel, 1980) and for the parasite in the spiny
mouse. The cyst wall in the red veld rat was thinper {0,40 um) than
that fn the namaqua rock mouse (0,69 ym) and the spiny mouse (0,90
um), and the bleb-Tike structures were shorter (0,13 pm). The
Tengths of the bleb-Tike structures fn the namaqua rack mouse were
similar to those of the spiny mouse (0,2 pm) and the merozoites
wWere 5,78 gm x 1,62 ym. The osmiophilic layer of the cyst in the
red veld rat was less complate (due to the invaginations of the
sutey cyst membrane), and the underlying ground substance was
thinner then that of the cyst in the namaqua rock mouse, It should
be noted that the differences between these two cysts may be a
reflection of differances in their maturity. As the cyst develaps,
the osmiophilic layer may become pinocytosed or incorporated into
the vesicle-Tike structures of the outer cyst membrana, The
underlying around substance may aiso become thinner in oider or
mature cysts,

In summary, ultrastructural examination of cysts in the
infected, wild southern African rodents revealed that they are
simitar and may, in fact, be the same species of Sarcocystis -
which may or may not be S. muris.

in a series of transmission experiments, a macroscopic
Sarcocystis species of the black rat Rattus rattus was fed to cats
in the laboratory. Sporocysts shed by the cats after a prepatent
period of 7-8 days were then fnoculated, by stomach tube, into
laboratory-bred black rats R. rattus, white rats R. norvegfcus and
white mice M, musculus. Only black rats and white rats developed
sarcocysts in their skeletal muscles {details are given elsewhere
in this thesis).

Cysts taken from the rats were fixed and processed for
transmission electron microscapy. The ultrastructural morphology of
the wall of sarcocysts from black and white rats was identica)




FIGURE 7: Ultrastructure of the simple, invaginated cyst wail of
sarcocystis of the red veld rat Agthamys chrysophiius, x45000.

FIGURES 8 and 9: Ultrastructure of the simple, invaginated cyst

wall of Sarcocystis of the pamagua rock mouse Agthomys namgguensis.
8: x9000; 9: x37500.
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PE {Figuras 10-13), The cyst membrane was invaginated to form stalked,
el vesicle-11ke structures. The width of the cyst wall (including the
. E ground substance) was 0,60 pm and 0,48 um, in black and white rats

& respectively, The sarcocysts from both rat species were slmilar to o
,: . S.mgris from mice (Sheffield gt al., 1977), both s regards cyst ; S
wall morphology and the size of the bleb-1ike structures (0,14 pm AR .

S tn the rats). N gy
R 1t was apparent, from the fine structura) examination of the + N
B sarcacysts fa the black and white rats, that the outer unit . !

PR nembrane and the osmiophilic layer form two or more layers of ",
T stalked protrusians, one superimposed upon the other {Figures 12 L
PR and 13). This lattice-work of protrusions is aYso found in 5. myris

(see Sheffield gt al., 1977) and, to & lesser extent, in sapcocysts .
from tha other wild rodents. . “ e

The difference in appearance of the cyst wall between the black
and White rats and that from the wild rodents may be due to the
thickness of sections or the density of the protrusions, If the
protrusions branch and form a closa lattice-work, as is -vident in
the rats and §, muris, then the cysts concerned may either be older
or different types of cysts from those found in the wild rodents,
whose lattice-work forms a wider, less dense pattern of branching
protrusions.

As the cysts examined ultrastructurally were derived from rats N
and not mice, the question remains whather the sarcocysts were v | B
those of S, muris or not, A number of zuthors have reported on the )
infectivity far rats of 5. muris derived from mice, and the strict
specificity that this species of Sarcocystis appears to have for
1ts {ntermediate host {see historical review of Sarcocystis in "
rodents ),

In this present study, the electron micrescopic structure of
sarcocysts from black and white rats showed a greater similarity to
that of 5. murls derived from mice (Viles and Pawell; 1976;
Sheffiald 2t al., 19773 Mehlhorn and Frenkel, 1980) than to cysts
from the wild rodents, However, the ages of the cysts {n the wild . -
rodents were not knewn, so it {s not possible to make accurate
comparisons, Sarcocystis species that have related intermedfate
hosts and simple cyst wall structdres are difficult or fmpossible
to fdentify on the basis of cyst wall morpholegy alane.
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FIGURES 16 to 12: Yitrastructure of the slmple, invaginated cyst
wall of Sarcocystis of the black rat Rattus rattus, showing
stalked, vesicular, bleb-like structures extending inte the host
cell cytoplasm. 10: x150005 11: x37500; 12: x75000. Experimental
infection, 6 months post inoculatlon. Fixative: glutaraidehyde,

FIGURE 13: Ultrastructure of the simple, invaginated cyst wall of
Sarcocystis of the white rat Rattus norvegicus albinus, showing
stalked, vesicular, bleb-Tike structures extending into the host
cell cytoplasm x60000, Experimental fnfection, § mopths post
inoculation.
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Properly controlied transmission experiments to determine the
final and intermediate hosts could lead to an understanding of the
host specificity of rodent species. However, interpretation of the
results of transmission experiments is complicated by the fact that
inoculum size and mouse strain fnfiuence the development, or
otherwise, of a detectable, patent §, muris infection in a mouse
{and probably, therefare, 1n a rat as well) (M, B. Markus, 1987,
personal communication).

TI. WILD CARNIVORES

A simple-walled sarcocyst type In the skeietal muscle of @ lion
Panthera leg from the eastern Transvaal was not unlike certain
Sarcocystis species of rodents and reptiles. The distinct electron
dense, osmiophilic layer was interrupted by fnvaginations of the
outer unit membrane {Figure 14). The invaginations were highly
developed in places o that a lattice-type appearance of the cyst
wall with bleb-1ike structures was evident (Figure 16). The cyst
wall was 0,72 ym wide, and Tnciuded the ground substance, which
extanded as septa into the interior of the cyst (Figure 15} The
merozoites, which were sectioned obliquely, measured 2,90 um % 0,79
am.

The wall of the sarcocyst from the 11on appeared to be less
fnvaginated than that of 3. murls 1n mice {Viles and Powell, 1976;
Sheffield et gl., 1977; Mehlhorn and Frenkel, 1980), and seemed
stmilar ta cysts from wild rodents, The cyst wal) dn the 1ion shows
some indication of the development of a lattice-type structure, as
wWas evident in the namaqua rock mouse. The lion cyst was
structurally sfmilar to Sarcocystis montandensts from the meadow
vole Microtus pennsylvanicus {see Dubey, 1983b), a Sarcocystis
species 1n & marsupial Antechinus sp. (see Munday at al., 1378)
and a Sarcocystis species from R, norvegicus, which has the masked
owl Tyto novaghollanding as 1ts final host {Munday, 1983), Cysts
from the eastern chipmunk Tamias striatus {see Entzeroth gt al.,
1983b) and Sarcocystis hozemanensis from Richardson's ground
squirre] Spermophilus righardsonii {see Dubey, 1983c) had gyst
walls not unlike those in the 1ion and the red veld rat, A
sarcocyst from the mouse M. musculus which has the rattlesnake




FIGURES 14 to 16: Ultrastructure of the simple, invaginated cyst
wall of Sarcesystis of the Tion Panthera leo. Figure 16 shows the
lattice-type arrangement which was evident in the wal) of the same
cyst. 14: x45000; 15: x12000; 163 45000,
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Crotalus s. scutulatus as *ts final host (Entzeroth et al., 19852}
also had & simpie cyst wall, but appeared more highly invaginated
than the cyst from the 1ion.

A Sarcocystis species in cardiac and skeletal muscle of domestic
cats (Kirkpatrick et al., 1986) had a simple, Invaginated cyst wall
with vesicle-11ke protrustens {0,42 ym % 0,39 pm) at frregular
intervals. The sarcocyst wall was 0,80 jm thick. The morphoiogy of
the cyst wall of the Sarcocystis species fn the cat was not uniike
that of a cyst found {n the skeletal muscie of & Tioness from
Zimbabwe. In this Yioness, the invaginated cyst wall had smati
protrusions that were thread-1ike in Jongitudinal section {1,26 um
% 0,26 um) and circular or vesicle-11ke in cross section (0,46 pm x
0,25 um) {Flgure 17). Where the protrystons joined the cyst, they
turned sharply and lay immediately adjacent to the cyst wall
{Figure I8). In addition, the limiting membrane of the protrusions
had @ spiny appearance (Figure 20} which was also apparent {rn
nicrographs of protrusions of the cyst in the cat {Kirkpatrick et
21+, 1986). The osmiophilic layer became discontinuous at intervals
along the protrusions and the )imiting membrane was {nvaginated,
craating pore-1lke structures [Figure 18). The width of the cyst
wall was 0,53 um, The merozoites were separated into clusters by
septa and contained numerous amylopectin granules. The merozoites
measured approximately 12,4 g x 1,5 um.

Cysts exapined ultrastructurally (in the Department of Zoology,
Unfversity of the Wiwatersrand) from ancther 1ion from Zimbabwe and
one from the Kruger Natfomal Park, South Africa, also showed cyst
wall structures similar to those of the 1ioness referred to above
{J. 8, Bush, 1986, personal communication).

The cyst from the domestic cat shown in the electron micregraphs
of Kirkpatrick gt al. (1986) may be 11lustrative of a stage in the
development of a more complex cyst wall. Other than Tacking lang,
thread-11ke protrusions in longitudinal section, the cyst from the
domestic cat was similar, both as regards morpholegy and size, to
that of the 1ioness discussed here.

Sarcocysts in four {ndividuals of two species of genet from the
eastern Transvaal had fdentical, simple-walled cysts, differing
from the thick-walled cyst found in the African civet, to which
they are related. The cyst wall of the sarcocyst from the small«
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FIGURES 17 to 20: Wltrastructure of the cyst wall of Sarcocystis of
2 Vioness Panthera lgo. Both the protrusions and the cyst wall
between the protrusians are invaginated Figure 20 shows the
stalked appearance of the 1imiting membrane of the protrusions, 17:
%225005 18: x45000; 19: x45000; 20: x45000.







spotted genet Genetta gengtta was 0,50 um wide (Figure 21), with a
thin Jayer of ground substance, and was grossly similar to the
simple-walled cyst found in the siender mongoose Galereila
sanguinea (Figure 26). Merozoites in the cyst from the small-
spotted genet were 3,97 um x 1,19 wm {Figure 22). The large-spotted
genet Genetta tigrina had a cyst wall 0,43 um wide and merozoites
measuring 3,63 um x 1,13 um (Figures 24 and 25).

Although the cysts from bath species of genet were not ¢nlike
those described from rodents (e.g. Viles and Powell, 1975;
Sheffield et al., 1977; Mehlhorn and Frekel, 1980), the walls did
ot apnear to be as deeply invaginated. The gemet cysts were

simiiar to the sarcocyst found in the 1fon and to the Sarcocystis

species in R norvegicus which has the masked owl as a final fost
(Munday, 1983}, In the sarcocyst from 5. genetta (Figure 23}, a
lattice-type appearance of the cyst wall was evident in places,

As far as predator/prey relationships are concerned, birds of
prey have a specialised diet. Raptors have been reported as final
hosts of some Sarcocystis species of radents (see historical review
of work on Sargocystis of rodents), Markus et al. (1984) found,
Tikewise, that vultures produced sporocysts after befng fed
infected impala Aepyceros melampus meat, Raptorial birds, such as
certain eagles, eat mongooses and genets. Consequently, they may
even be potential final hosts of Sarcocystis in these carnivores.
However, the range of patential final hosts of Sarcocystis of small
mammalian rarnivores may not be restricted to meat-eating birds.
Large manma’ian carnivores could be involved, Small mammalian
predators whith act as intermediate hests of Sarcocystis could be
deag-end hosts, but not necessarily so.

Two slender mongooses G, sanguinea from the eastern Transvaal
were hosts to two different types of Sarcocystis, one of which has
already been referred to above, This sarcocyst type, recoversd from
the first mongoose {TM 30565} (the second was TH 30566 - ses
below), had an indented cyst membrane without Protrusions {Figure
26). The osmiophilic layer was distinct and repeatedly interrupted
by invaginations of the tyst membrane. The underlying layer of
ground substence was thin, and formed thin membranous septa between
groups of merozeites. The cyst wall was narrower (0,31 pm) thaa
similar cysts in G, genetts and the merozoites were longer (5,21 ym
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FIGURE 21: Ultrastructura of the simple, invaginated cyst wall of
Sarcocystls of the smajl-spotted genet Genetta genetta. x30000.

FIGURE 22: Merozoites grouped by septa, in the cyst from the small-
spotted genet, x12000.

FIGURE 23: Lattice-type structure of part of the wall of the same
cyst {as in Figure 21) from the small-spotted genet. x31250.







x 0,97 gm)

In some sections, a "blistered" appearance of the cyst wall
seemed to Indicate Jocalized disruption of the host tissue, the
adjacent cyst membrane and the underlying ground substance (Figure
27). This disruption may have been the result of some cellular
response. [t did not seem to be causad by mechanica) damage, as the
rematning host tissue was fntact.

The morphology of the cyst wall and the thin layer of ground
substance forming membranous septa, {5 reminiscent of the simple
cyst walls of & Sarcocystis species in the rhesus monkey Hacaca
mulatta (MehThorn et a 1976). Simple-wailed cysts fn rodents,
e, auris in wsculus (see Viles and Powell, 1978; Sheffield
et al., 1977; Mehlhorn and Frenkel, 1980}, and cysts of the
rattlesnake-mouse cycle (Entzeroth et al., 1985a), appeared more
invaginatad than the cyst from the siender mongoose, Sarcocysts
from the Malaysian long-tuiled monkey Macaca fascicularis {see Kan
&t al., 1979), had cyst walls not unlike those of the mongoose,
but the presence of fibrillar elements in the ground substance of
the monkey cyst precludes any similarity between the two. Cysts
located in the brajn of a porcupine Erethizon dorsatum were
ident{fied as a species of Frenkelia by Kennedy and Frelier (1986).
Ultrastructural examination of the cyst wall revealed an
inveginated cyst membrane reinforced by osmiophilic materisl, The
thin layer of ground substance and the thin, membrancus septa which
compartmentalized the cyst were features similar to those of
sarcocysts of the rhesus monkey (Mehlhorn et ai., 1976} and slender
mongoose.

With reference to the above discussion, it should be emphasized
that Sarcocystis species having a simple cyst wail structure have
been documented from a wide variety of intermediate hosts:
sarcocysts {¢ .ameter 80,0 ym) from the red squirrel famiasciuris
hudsonicus {see Entzeroth gt al., 1983c) had highly invaginated
cyst walls, The cyst wall was 0,39 um wide (this measurement
included the ground substance) and was similar to 5. bozgmanensis
{diam, 30-112 ym) from Richardson's ground squirre) Spermophilus
richardsonii {see Dubay, 1983c), the cyst wall of which was 0,43 um
wide. Entzeroth et a1, (1983b) described smaller cysts (diam. 19,8-
29,6 gm) with walls approximately 0,26 pm wide (0,32 pm includinm




FISURES 24 and 25: Ultrastructure of the simple, invaginated cyst
wall of Sarcocystis of the Jarge-spotted genet Genetta tigrina.
Figure 25 shows a micropore {arrowed) in the trimembranal pefifcie
of the merozoite {m). 24: x30000; 25: x12000,

” S FIGURE 26: Ultrastructure of the simple, invaginated cyst wall of
4
Sarcocystis of the ¢lender mongoose Galerella sanguinea, x45000,

FIGURE 27: A "biistared” disruption of the wall of the same cyst
{as in Figure 26) from the slender mongoose, x45000.







the protrusion Tengths of 60 om) from the eastern chipmunk Jamias
striatys. Thesa cysts were morphologically similar to both §,
bozemanensis and the Sarcocystis species from the red squirrel.

Sarcocysts with walls that were morpholegically simfiar to §.
muris In mice have been described in papers reporting the results
of 11fe cycle studies. Entzeroth et al. (1985a) found cysts with
simple cyst walls (1,0 gm) in mice M, musculys (diam. 0,5 mm}. This
species of Sarcocystis had the Mojave rattlesnake Crotalus s.
seutulatus as its final host.

Simple-walled sarcocysts were found in whe 1izard Alabuia
pulticarinata by Tadros and Laarman (1978}, This cyst (diam. 1,0
mm) was highly invaginated, with some branches of the protrusions

extending short distances fnto the granular layer adfacent to tie -

hest tissue. S. podarcicolubris from Tyrrhenian wall Tizards
Podarcis tiliguerta, S. gallotiae from Canarian Jizards Galletia
galloti and 3, dugesii from Madeiran 1izards Lacerts dugesii (see
Matuschka, 1981; Matuschka and Mehlhorn, 1984) have protrusions
which distinguish them from the cyst describad by Tadroes and
Laarman (1978).

Ultrastructurally, sarcocysts from the Malaysian Jong-tailed
monkey Hacaca fascicularis (see Kan gt al., 1979) had cyst walls
(0,47-0,8 pm} that were similar to those in the babear Paplo
gynocephalys and rhesus monkey Macaca mulajta (see Mehlharn gt
al., 1976; Mehlharn and Heydorn, 1978). However, bundles of
#1brillar elements in the ground substance of the cyst from the
long-tailed monkey were not evident in cysts from the rhesus
menkey.

In addition to S.muris in mice and the sarcocysts referred to
above, cysts with a simple wall structure have also been Jocated in
other small mammals, for esample in the meadow vole Microtus
pennsyivanicus (and named 5. montanagnsis) {see Dubey, 1983b); and
in, for example, R. novvegicus by Ashford {1978) and Munday (1983).
(See also historical review of Sarcacystis in rodents), Sarcocysts
with simple, fnvaginated walls have, Tikewise, been found in
diverse vertebrate hosts such as an Australtan marsupial Antechinus
sp. {see Munday gt al., 1978), a sperm whale (Mehlhorn et al,,
1976) and a white-rumped swift Apus caffer (see Kaiser and Markus,
1983a).




FIGURES 28 and 29: Mushroam-shaped cyst wall protrusions of
Sarcocystis of the blue wildebeest (gnu) Connachaetes taurinus. The
Viniting membrane of the mushroom-shaped protrusions has a "brush
border® appearance. Figure 29 shows a cross section of a mushroom-

. shaped protrusion, with a membranous structure (z) extending
RIS across the stem of the protrusion. 28: x45000; 29: x60000.

FIGURE 30: Merozoite with canoid (c) and mecrocyte {mc) in the cyst
from the blue wildebeest. x6000,







From the foregoing, 1t can be seen that the ultrastructure of
the cyst wall can frequently be used to distinquish between species
of Sarcocystis., However, it is difficult to compare the
ultrastructural morpiology of simple-walled cysts; and
investigation ¢f the finel and fntermediate host specificity by
means of transmission experiments is needed in order to facilitate
determination of the species of Sarcocystis concerned,

SARCOCYSTS WITH MUSHROOM-SHAPEY PROTRUSIONS, IN WILD UNGULATES

Four Blue wildebeest (gnus) Connachaetes taurinus (MBZ-88; MB2-
204; ¥B2-206; ¥82-207) fram Natal harboured sancocysts that had
mushroom-shaped protrusions {Figure 28). These cysts were
morphologically tdentical to some found in fmpala Aepyceros
melampys from Zimbabwe {M80-132; MBO-133; MBO-135) (Figure 21) and
the sastarn Transvaal (N83-100; M82-101) (Figure 32). A lechwe
Kobus leche (M83-34) from Nemibia also had identical cysts in its
skeletal musculature {Figure 34), These cysts are Wltrastructurally
similar to one found In the diaphragm of a chamois Rupicapra
rupicapra by Gornaglia %, (1880}

The protrusfons have a thick osmiophilic layer and are Filled
with fibrils that originate in the ground substance beneath the
indented cyst membrans. In the wildebeest, the height of the
mushroom-shaped protrusions was 0,79 pm and the measurement across
was 1,34 pm. In *circular® cross section, the mean Yongest x
shortest measuramant was 0,99 ym x 0,58 ym. The protrusions in the
fmpala were wider than those of the wildebeest but were similar in
height (see Table 2). In all specimens examined, small cilia-like
structures extended from the cyst membrane surrounding the
protrusfons, imparting a "brush border' appearance to the outer
cyst membrane {Figures 28, 32 and 36)

In the cyst from the lechwe (Figure 36), smal) club-shaped
structures were found at ntervals, interspersed batween the cilia-
Ttke structurss along the auter cyst membrane surrounding the
protrusfons. The function of these stiructures fs not known. Perhaps
they serve to fncrease the absorptive ares, thereby facilitaking
molecular transportation between the parasite and the host cell
cytoplasm,




TABLE 23 Comparison of ultrastructural features of mushroom-shaped cyst wall protrusions in
ungutates (pm}.

HOST DIAMETERS PRU....ulONS {H) PROTRUSIONS (C) CYST WALL  MEROZOITES
LONGEST SHORTEST LONGEST SHORTEST

Witdebeast 35,0 x 53,8 1,34 0,79 0,99 0,58 0,70 7,56 x 3,22
tpala {E.T.) 63,8 x 76,3 2,40 0,76 1,16 0,60 0,79 8,73 x 2,31
Inpala {Zim.) 46,0 x 68,5 1,89 nLu 1,08 0,75 0,93 5,60 x 2,06
Lechwa 30,0 % 40,0 1,19 0,58 0,88 4,60 0,62 8,10 2 2,70

E.T,= Eastern Transvaal
Zlm,= Zimbabwe

Hote: Protrusions (M) refers to musfiroom-shaped cross sections of the protrusions visibly attached
to the body of the cyst. Protrusiony {C) refews to "circular™ cross sections of protrusions
visibly unattached to the body of the cyst. The terms M and C conform to the standard used fn
computing the data for all animals examined in this study.




TABLE 2: Comparison of u)trastructural features of mushroom-shaped cyst wall protrusians in
ungulates (pm).

HOST DIAMETERS PROTRUSIONS (M) PROTRYSION: .} LYST WALL 4 vmIVED
LOMGEST SHORTEST LONGEST SFui:it

Wildebeest 35,0 x 53,8 1,3 0,79 0,99 0,58 " 7.6 x 3,22
Impala (E.T.} 63,8 x 76,3 2,80 0,76 116 0,6G [ 8,73 x 2,31
mpala (Zim.} 45,0 x 68,5 1,59 L1 1,08 0,78 B 850 x 2,05
Lechwe 30,0 x 80,0 1,18 0,5 0,8 0,60 iy 8,50 x 2,70

E.T.= Eastern Transvaal
Zim.= Zimbabwe

Note: Protrusicns (M) refers to mushroom-shaped Gross sections of thi piatrusions visibly attached
to the body of the cyst. Protrusions (C) refers to “circular® ceoss sections of protrusions
visttly unattached to the body of the cyst. The terms M and C conform to the standard used in
conputing the data for all animals exanined in this study.




In the wildebeest and the Techwe cysts, a thin membrane was seen
to extend across the stem of the mushroom-shaped protrusfon,
separating the ground substance from the less dense material in the
protrusion (Figures 29 and 35), A pale-staining metrocyte in the
cyst from the wildebeest is shown in Tigyre 30.

Recent ultrastructura) avidesce {ongitudinal sections of
protrusions which I cut recently) suggests that the fibrils extend
from the ground substance and along the backs of the protrusions in
longitudinal section. The protrusions are, therefore, long and
spatula- or spine-1ike in shape when viewed longitudinally
{photomicrographs not included here), This explains why the fibrils
are never seen to penetrate the membrane in the stems of the
nushroom-shaped protrusions, i.e, when the protrusions are viewed
in cross section,

The biggest cysts, with diameters of up to 120 x 55 um (i.e. the
Tongest diameter x shortest diameter of a cyst in X.5.), were found
in impala from Zimbabwe, and may have been the most mature. The
dimensions of the merozoites (Table 2) from Zimbabwean impala are
not related to the maturity of the cysts, as the merozoites were
not cut fn perfectly longitudinal plames, t e orientatfon of the
fibrils suggests that the protrusions, in rcross section, are oval
in shape and thzt the cysts in the impaia from the eastern
Transvaal were sectioned obliquely rather than transversely. This
would explain the Yarge widths of the protrusions recorded from
this cyst (Figure 33).

Macroscopic cysts wers found by 0'onoghue et al. {1987a) in the
musculaiis externa and the submucosa of the forestamach, small
intestine and colon {and sometimes in the muscutaris externa of the
ocesophagus and caecum) of unadorned wallabies Petrogale assimilis
and Bonnett's wallabies Macropus rufogrisies, The authors did not
state whether or rot they examined skeletal muscles in general, for
cysts, Gltrastructuraliy, tue thick primary cyst wall was
invaginated and folded at intervals to form mushroom-shaped
protrusions. The bulbous protrusions measured 1,5-1,8 um in height
and 1,2-1,8 pm fn width, The stalks {0,6-0,8 um thick) were filled
with microfibrils which extended along thefr lengths, and the
bulbous protrusions were fi1led with amorphous ground substance.
Stivers of electron dense material extended downwards into the
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FIGURES 31 and 32: Mushroom-shaped cyst wall protrusions of
Sarcocystis of the {mpala Aepyceros melampus from Zimbabwe. Note
the "brush border® appearance of the 1tmiting membrane of the
protrusfons (Figure 32). 31: x9000; 32: x37500.

FIGURE 33: Mushroom-shaped cyst wall protrusions of Sarcocystis of
an fmpala from the eastern Transvaal. x15000,
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protrusions from the cyst wall. E£xternally, the cysts were
surrounded by collagen fibres and conpective tissue cells. There
was no evidence of the original host celi. Internally, septa
divided the merozoites (8,5-12,0 um x 1,5-2,8 um} and metrocytes
{10-20 um x 8-15 pm) into compartments. The merozoites contained
organelles typical of apicomplexan protozoan parasites, having the
apical complex and 22 subpellicular wicrotubules. Merozoites
divided by endodyogeny. Although the definitive hast is unknown,
this Sarcocystis species was designated S. mucosa by 0'Oonoghue et
al. (1987a). Sarcocystis mucosa, having .been originally described
by Blanchard in 1885, was tentatively assigned to the genus Eimeria
by Levine (1879), unti} further studies were carrfed out, The
species is 11sted as a synonym of Eimeria (7) mucosa by Levine and
Tadrgs {1980). However, Levine {1979) states that the organism had
praviously been assigned to the genus Sarcocystis by Labbé in 1899
{fot, incidentally, in 1889 as indicated by 0'Donoghue et al.,
1987a). The species should, therefore, be known as Sarcocystis
nucesa (Blanchard, 1885) Labbé, 1899,

Whether S. mucosa is the same species of Sarcocystis found in
wild African ungulates during the course of the present study, is
unknown. The bulbous regien of the protrusions of the cysts found
in wild ungulates did contain fibriliar elements when viewed in
cross section, in addition to the granular material. Fibrillar
elements were naver seen extending along the stems of the
protrusions of the cysts in the ungulates. However, their presence
iy the ground substance bemeath the primary cyst wall was
suggested, as plague-1ike structures were visible when the cyst was ~
viewed in cross section, The cyst walls of the protrusions appeared
wavy and invaginated at intervals, and were not as smooth as those
of the protrusfons of S. mucosa, S1ivers of electron.dense material
which protruded from the apfcal cyst wall into the ground substance
of the protrusions were not evident in the protrusions of the cysts
from the southern African ungulates, The cysts in the ungulates
were microscopic and located fn the skeletal muscles of the hosts.
The muscular layers of the gastrointestinal tract were not
examined.




¥1BURES 34 to 363 Mushroom-shaped cyst wall protrusicns of
Sarcacystis of the lechwe Kobus leche from Namibia. Figure 35 shows
a membranous structure (z) extending across the stem of a mushroom-
shaped protrusion. Figure 36 shows the presence of smail, club-
shaped structures on the 1imiting membrane avound the protrusfons,
in addition to the cilia-11ke structures, 34: x12000; 35: x37500;
36: x37500.
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SAKCOCYSTS WI™% BEAN- OR BAR-SHAPED PROTRUSIONS, IN WILD UNGULATES

& second type of cyst found in an impala (M83.48) from Zimbabwe
possessed long, bean-shaped protrusions {0,51 um x 0,12 ym in X.5.)
which extended into the surrounding host tissue (Figures 37-39),
These protrusions were smooth-walled, with a thin asmiophilic
Jayer, and were filled with a granular substance. The primary cyst
wall had an invaginated appearance and there was a thin Tayer of
ground substance layer beneath ft. Trhe cyst wall was 0,25 ym wide.

This sarcocyst {diameters B5,0 x 80,0 pm, t.e. longest x
shortest diameter of the cyst in X.S.) was morphologically similar
to the Type § cyst found in roe deer Capreolus capreglus by
Entzeroth (1982} and not unlike Sarcocystis cruzi in an ox-coyote
Tife cycle {Jubay, 1682 The Type § cyst from the diaphragm of roe
deer had short, stubby protrusions (0,4-0,5 jm x 0,3 um} that could
give rise to bean-shaped protrusfons. The cyst Wall was 0,5 um wide
and similar to that of S, cruzi.

A sarcocyst {Typs A) found 1n a moose Alces alces by Colwell and
Mahrt (1981), had bran-shaped pratrusions that uriginated at
tntervats from the invaginated primary cyst watl. The protrustons
described by Colwell and Mahri (1981) as membranous extensions are
actually tubular processas, These protrusions are approximately 0,2
pm wide 1n cross section. The morphology of the sarcocyst in the
moose (Type A = Sarcocystis alcesiatrans) is not unlike the cyst
from the impala

Long, bean-shaped protrusions were eyisent in the Type 6 cyst
found 1n'roe dear by Entzeroth {1982), They were 5-8 ym fn \angth
and 0,3 pm {n width, and were similar to the protrusisn lengths for
S, gruzi (5 pm) 1a cardiac nuscle I» the ox-coyote cycle (Dubey,
1982}, as well as those from the impala, which wers up to 4 um in
Tength. The impaia cyst had pratrusions that originated from the
cyst wall at {ntervals and which were not immediately Juxtaposed as
1n the Type 6 cysts from roe deer.

Sarcucysts that had bean-shaped protrusions which penetrated the
hast tissue but which also had closely associated bases where they
Joined the cyst wall (Sarcocystis sybillensis), have been found in
the North Anerican elk Cervus elaphus {sea Dubey et al., 1983} S.
sybi]lensis from heart, tongus, ocesophagus and skeletal muscle of

s, +




FIGURES 37 to 33: Bean-shapad cyst wall protrusions of Sarcocystis
of the impala Aepyceros melampus from Zimbabwe, Figures 37 and 38 .
shaw the the protrusiens axtending into the surrounding host cell T
tissue. Figure 39 shows the origin of & protrusion of the cyst .

wall; & sharp turn at the base orientates the protrusion adjacent
to the cyst wall. 37: x9000; 38: x22500; 3%: x60000, . !
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21k had 3 thin layer of ground substance and protrusfons that .ve
6,16 pm in Tength and 0,3 pm tn width. The sarcocyst from the elk
15 morphologically similar to the Type 6 cyst in roe deer found by
Entzeroth (1982), 1n which the ground substance was virtually
absent,

S. sybillensis from the elk (Dubey et a1., 1983) has a
developmental stage that is very similar to a stage in the
development of the cyst wall of §. cruzi, as 1s evident in
micrographs of Pacheco gt al. (1978},

The cyst in the impala may he & stage in the development of a
more mature cyst wall, ir which the protrusion bases are more
closely associated. If this proves to be the case, then both the
impala cyst and S. cruzi are morphologically similar to S.
sybillensis from the North American elk (Dubey et al., 1983) and to
the Type 6 sarcocyst in roe deer (Entzeroth, 1982).

Strip-ike protrusions have been found in sarcocysts from
numerous cervid hosts, Although they are not unlike the Sarcocystis
species from the impala, their protrusions appear narrower. S,
wapiti (see Speer and Dubey, 1982) from the North American elk T
elaphus, and which has the coyote Sanis latrans and the donestic
dog G, famillaris as final hosts, has a highly invaginated cyst
wall with strip-like protrusions similar to S. grueneri from
cardiac muscle of reindeer Rangifer t. tarandus (see Gjerde,
1985a). S, wapiti s also similar to a Sarcocysts species from red
deer C. elaphus (see Entzeroth et a1., 19832) and to S, geryicants
frem natura) 1y-infected red deer (see Herndndez-Rodrfouez st al.,
1981). Entzeroth et al, (1983a) consider §. grueneri, $, waniti and
S. gervicanis from the red deer to he synonyms. Although §.
gruenord s a name which has been applied specifically to
sarcocysts of refndeer (Entzeroth et al., 1985b), the recent
ultrastructural investigation of this spectes in reindeer by Gjerds
(1985a), which revealed striking similarities to other sarcocyst
types 1n cervids, may fndeed give §. gruenerd priority as a
specific name for this Sarcocystis species in a1l cervid hosts.
This would only apply if 5. grueneri described from reindeer by
Yakimoff in 1936 is the same as that described by Gjerde and
Bratberg (1984) and cross-transmission experiments show that
morghologically simtlapr sarcocysts from cervids belong to the same




FIGURES 40 and 41: Bean-shaped cyst wail protrusions of Sarcogystis
of the kudu Tragelaphus strepsiceras from Namibla. After the
protrudfons originate from the cyst wall, they turn and lie
immedrately adjacent to it. Figure 40 shows peripheral protrusions
cut 1n ¢ross secvion. They have 2 flattened, bean-shaped
appearance, Cross sestions of the protrusfons at their basal
reglons, close to the cyst, appear circular. 40: x30000; 41:
*30000.

FIGURE 42 and 43: Bean-shaped cyst wall protrusions of Sarcocystis
of the kudu from the eastern Transvaal. Figure 42 shows the cyst
wail ultrastrycture of a cyyt in skeleta) muscie. Figure 43
illustrates the electron microscopic structure of the wall of a
cyst from cardfac muscie of the same animel. 42: x45000; 43:
%37500.







species of Sarcacystis (see Gjerde, 1985a). 5. gruemert in cardiac
muscle of reindeer has the dog, silver fox Yulpes vulpes and blue
fox Alppex lagopus as final hosts (Gjerde. 1984c; Gjerde and
Bratberg, 1984),

The Type 4 cysts from roe deer (Entzeroth, 1982), and which have
strip-like protrusfons (1,2 jm x 20~30 nm), are also
morphologically similar to 3, wapiti {see Speer and Dubey, 1982)

o and S, grueneri {see Gjerde, 1985a), the Tatter having had longer
B2y protrusions (than the roe desr cysts), namely 4,5 yp in Jength and

s 30-40 nm wide (thick), Protrusions of 5. cervicanis {see Herndndez-
Rodriguez gt al., 1981) were 1,4 ym % 32 om and those of a
Sarcocystis species described from the red deer by Entzeroth et
al. (1983a) were 0,5-3 um long and 20 nm wide. There is a
- remarkable similarity betweer the Type 4 cysts described by
Entzeroth (1982) from roe deer and a sectfon through a S. cruzt
cyst illustrated by Bbttner (1984), which had rod-1ike protrusions.
In Tongitudinal section, the 5. cruzi cyst of Btiner (1984) had
wide-based protrusions that narrowed. to form strip-1ike extensions,
similar to those of a Sarcocystis species from the fallow deer
Leryus dama {see Entzeroth et al., 1985b).

Entzeroth et al. (1985b) stated that the protrusions of the cyst
in the fallow deer appearad as flattened sacs, rather than hajr-
Vike, as they were never seen in circular form when cut'in cross
section. However, cyst wall protrustons from the fallow deer and
roe deer are similar to the protrusions of thin-walled cysts from
sheep (5. tenetla sepsu lato), 1)lustrated by D'Donoghue et ai,
(1986}, and which were describud as being hair-like. The b
concave, strip-1ike nature of the cyst wall protrusions of the
sheep cysts were also similar to the protrusions of cysts fn the
gemsbuck Oryx gazella and waterbuck Kobus e} 11psiprymnus in the
present study (to be discussed later on), The protrusions of the
cyst from the gemsbuck (Figure 48] were circular at their bases,
and strip-1ike or flattened at their extremeties in cross section.
The species of Sarcocystis in red deer does not appear to be
distinct from Type 4 cysts in roe deer {£ntzeroth et al., 1983a).
This reinforces the belief that species of Sarcocystis are not as
host specific for their intermediate hosts as has been thought. The
morphological similarity and sinilar canid 1ife cycle suggest that
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TIGURES 44 and 45: Bean-shaped cyst wall protrusions of Sarcocystis
of the bushbuck Tragelaphus scriptus. 44: x15000; 45: x60000.

FIGURE 46: Bean-shaped cyst wall protrusions of Sarcocystis of the
waterbuck Kobus ellipsiprymnus. x45000.
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the cervids discussed above are Intermediate hosts of at least one
common species of Sarcocystis (ses Gjerde, 1986a)

Hacrocysts of S, hardanger!, from skeletal muscle of wild and
domestic refndeer (Gjerde, 1984b; Gjerde, 1984d; Gjerde, 1965d),
had a diffuse, invaginated appearance, not unlike a sarcocyst {Type
8) in the moose Alces aices {see Colwell and Mahrt, 1981). Both are
similarly surrounded by a thickened basal Jamina and a Tayer of
conpective tissue (8jerde, 1985d).

sarcocysts morphologically similar to the secend type of cyst in
the impala from Zimbabwe were found in the skeletal muscle and the
heart muscie of the same kudu Tragelaphus strepsicercs fram the
eastern Transvaal {Figures 42 and 43). Protrusions of the cyst wall
in a kudu from Namihia (M83-50) appeared to be circular at their
bases in cross saction, and became more flattened towards the
periphery where they infittrated the host tissue. The flattened
apeces of the protrusions appeared bean-shaped in cross section
{Figures 40 and 41). Cysts in the waterbuck from the eastern
Transvael and the gewsbuck from Namibia had similar cyst walls to
those of the kudu sarcocysts, with protrusions that became
extremely flattened or strip-1ike further away from the cyst
(Figures 47-49), The cyst from the waterbuck had fewer protrusions
(Figure 46), Protrusions that were more circular in cross section,
but similar to those of sarcocysts in the kudu, were found on a
cyst in skeletal muscle of a bushbuck Tragelaphus seriptus from the
sastern Transvaal {Figures 44 and 45).

The morphology of the walls of sarcocysts from the kudu and
gemsbuck from Namibia are structurally similar to S, rangi from the
skeletal muscle of reindser (Gjerde, 1985¢). As in §, rangi, the
Tengths of the protrusions were difficult to ascertain because the
protrusions turned sharply sideways immediately abave their bases
and extended alongside the surface of the cyst (Figure 49). In
cross section, the protrusions were circular, oval or bean~shaped
and measured 0,33-0,53 pm x 0,12-0,26 pm (i.e. the longest x
shortest measuraments, see Table 3}, The thickness of the cyst
wails for all ruminants with morphologically similar sarcocysts
(Table 3) were somewhat narrower than that of S. rangl (see gjerde,
1985F), The mean range was 0,17-0,66 um, compared to 0,8-1,3 pm for
S. rangi, However, the cysts from ruminants other than reindeer had




TABLE 3: Comparison of ultrastructural features of bean-shaped cyst wall protrusions in
ungulates (um).

HosT DIAMETERS PROTRUSIONS (X.5.) CYST WALL MEROZOITES
LONBEST  SHORTEST

Inpata (Zfn.} 80,0 x 85,0 0,51 0,12 0,25 7,92 % 2,19
Kudu (E.T.} 14,2 x 55,0 0,33 0,15 0,21 8,73 x 2,17
Kadu (Man. ) 52,6 x 55,0 0,33 0,25 2,48 10,67 x 3,13
Waterbuck (E.T.}) 45,0 x 52,6 .50 0,15 0.2 6,92 X 1,95
Genchuck (Nam.) 42,5 x 52,5 0,51 9,20 0,66 10,67 x 2,36
Busfibuck (E.T.) 52,6 x 57,5 0,53 0,17 0,17 -

£.T.= Eastern Transvaal
Map.= Mamibia
Zig,= Zimbabwe



FIGURES 47 to 49; Bean-shaped cyst wall protrusions of Sarcocystis
of the gemsbuck Oryx gazel)a. Figure 49 shows a protrusfon 1ying
adjacent to the cyst wall and the sharp turn at the base of the
protrusfon where it originates from the cyst. 47: x4500; 45
%37800; 48; x45000.
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2 mean diameter of 64,1 um and were smaller than those from
skeletal muscle of reindeer (180 pm) (Bjerde, 1985f),

The cyst protrusions in all the animals were generally spaced at
intervals along the cyst and had smooth walls reinforced by a thin
osmiophilic layer. The cyst membrane was {nvaginated between the
bases of the protrusions. In some hosts, the cyst membrane between
the protrusions had distinct vesicular invaginations, while in
others, such as in cysts from the bushbuck, the cyst membrane
appezred smooth and less invaginated, The origin of the protrusions
of the cyst wall was not evident in these smooth areas, as the
bases were not included in the ultra-thin section {Figure 45). The
thin underiying layer of ground substance filled the protrusions
{less electron dense) and extended into the interfor of the cyst as
septa,

The size of merozoites, which were difficult %o measure as they
were not aiways sectioned in a perfect plane, was up to 10,67 um x
3,13 pm (Yable 3}, The host skeletal muscle tissue remained
structurally unaltered in all specimens examined, despite host cel)
infiltration by the protrusions of the sarcocysts,

A possible third type of sarcocyst found in tmpala from Zimbabwe
had *flower-shaped” protrusions (Figures 50-53). Of three
individuals, one had cysts of the Tirst and third type (M80-135);
one had the second and third type {¥83-4B); and the third
individuatl harboured only the third type of cyst (M83-1A).

The protrusions of the third cyst type were broad-based {1,52
um), with smooth walls, and were up to 3,27 um {n tength (Figure
§2). The cyst wall was 0,58 um wide, and highly invaginated hetween
the protrusions and at their bases. The protrusions appesrad to
Join taterally at their bases and tapered into flat, ribbor-'ike
extremities, which were strip-1ike in cross section {Figure .. o
fibrillar elements were present in the granular substapce. {n
Tongitudinal section, the protrusions were flower-shaped. The thin,
ground substance layer continued fnto the interfor of the cyst ¢x
septa, Merozoites measured 7,64 pm x 2,46 gm.

The "flower-shaped” cyst wall protrusions of one of the three
kinds of Sarcocystis in the fmpala were not snlike protrusions
found in the prasent study in sheep microcysts from the Trapsvaal
{Figures 110 and 111}, The ribbon-1ike nature of the flower-shaped
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FIGURES 50 and 52: Broad-based cyst wall protrusions ("flower- .
shaped®) of Sarcocystis of the impala Acpyceros melampus from . \
Zimbabwe. The highly invaginated, broad bases of the protrusicns
and the thin protrusions in cross section suggests that the
protrusions are wide but fiat and ribbon-1ike in their entiraty,
Figure 51 shows that the protrusions are joined laterally., So:
x15000; 51: x!2600.
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protrusinae was also not unlike that of the protrusions of thick-
wallzd aicroscopic cysts of S. tenella from sheep and the
protrusions of thick-welled, microscopic S capracanis cysts from
goats (0'Donoghue gt al., 1986). Ultrastructurally, both S, tenella
end S, capracanis have palisade-1ike protrusions that appear to be
broad, flat and ribbon-like in longttudinal section.

SARCOCYSTS WITH LONG PROTRUSIONS
I. WILD CARNIVORES

A sarcocyst from a second sle¢nder mongoose (TM 30566) was
reminiscent of S. putor!y from the vole Microtus arvalis (see
Tadros and Laarman, 1978). The invaginated primary cyst wall had
Tang (6,67 jm x 0,67 um}, slender protrusions that were sguare or
rectangular in sross section (1,08 pm x 0,60 um) (Figures §4 and
§8), Beneath the cyst membrane was a thick, electron-dense
osmiophitic Tayer. The protrusions contained numerous microtubular
elements that extended into the ground substance. The ground
suostanne formed a Tayer 1,00 pm thick beneath the primary cyst
wall, in which bundles of microtubular elements were found. Septa
separated the merozottes (7,88 ym x 2,26 pm) into groups or
clusters in the interior of the cyst {Figure §6). The protrusions
of §. putor!i appearad wider (than those of the slender mongoose)
in longitudinal section; and circutar in cross section. In
addition, they contained fibeils rather than microtubular elements.

The definitive host of the Sarcocystis species found in the
slender aongoose Is not kmown. It may be one of the v .rious
predators of the subfamily Herpestinae, As the mongoose js known to
eat insects which can act as transport hosts of sporocysts, the
appearance of cysts 1n the musculature of mongocses may represent a
{fortuitous) dead-end event.

The cyst wall of S, puterif is similar in moroholugy to that of
S migroti in the meadow vole Microtus pennsylvanicus {ses Dubey,
1983b), Both of these Sarcocystis species from voles are not unlike
cysts located fn avian intermediate hosts (Kaiser and Markus,
1981). Similar cysts were found In the Gape dikkop Burhinus
capensis, the Yaughing dove Streptopelia genegalensis, a 11lac-




FIGURES 52 and §3: Broad-based cyst wal) protrusions {“flower-
shaped") in longitudinal section (Figure 52) and cross section
(Figure 53) of Sarcocystis of the impala Aepyceros melampus from
Zimbabwe. 52: x22500; 53: x45000.
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breasted ro)Jer Coragias caudata, a red-bi)led hornbill Tockus
erythrorhynchus and 1n a yellow-biiled hornbill Tockus flavirgstris
{Katser and Harkus, 1983b}.

A sarcocyst in skeletal muscle of a spotted hyaena Crocuta
crocuta from the eastern Transvaal had broad, splayed, palisade-
Tike protrusions which were rounded at thefr apeces (Figure §7). No
fibrillar elenents were found fn the gran lar material of the
protrusions and the osmiophilic Jayer was thick and quite distinct.
This layer showed the presence of pores by the invagination of the
cyst membrane into the osmiophilic layer (Figure 58). A fine,
filamentous material formed a layer 0,15 im thick, covering the
outer surface of the protrusions and between their bases. The
protrusions were 1,58 un Tong and 1,07 um wide, The cyst membrane
was highly invaginated at the protrusion bases. The cyst wall was
0,34 un wide and the underiying ground substance formed septa in
the interior of the cyst. Merozoites measured approimately 9,5 um
X 1,75 pm.

Although the protrusions from the cyst in the spotted hyaena
bore some resemblance to the protrusions of S. odocsileocanis from
white-tatled deer {Duhey and Lozier, 1983), which has invaginated
bases, the latter has a characteristic, electron-dense layer in the
protrusions, below the primary cyst wall; and which lacks the
"fuzzy" filamentous covering. The shape of the protrusions is
similar to that fn a domestic hen (Mehlhora gt al., 1976). However,
the hen cysts have fibrillar eiements which were not found in the
protrusions of the cyst from the spotted hyaw.a.

8ased on the ultrastructura} morphology of the cyst wall, the
species of Sarcacystis from the spotted hyaena represents e “new”
type. It §5 not known which (if any) final host completes the 1ife
cycle. The intermediate host s a carnivorous scavenger and may be
a dead-end host for this species of Sarcocystis which, in ail
probability, normally completes its 1ife cycle in some other
host{s). If the spotted hyaena is the true intermediate host for
this species of Sarcocystis, then the definitive host or hosts must
e one or more of the predators or scavengars that might, on
occaston, feed on {t.

The cyst wall protrusions of a sarcocyst found in the African
civet Clvettletis civetta from the esstern Transvaal, were broad,




FIGURES 54 to §6: Ultrastructure of the cyst wall protrusfons of .
sarcocystis ~f the slender mongoose Galerella sanguinea from the "
eastern Trans. al. The Tong, slender protrusians contain

. \ microtubuiar elem s that extend into the ground substance. A
F thick osmiophilic Tayse 1 present beneath the invaginsted cyst L L
Ry membrane. 54: x22500; 55: x37500; 56: x15000.







columnar and palisade-1ike, with blunt apeces (Figures 59-61). The
Fibrillar elements appeared to be peripherally located and grouped
- into bundles centrally. The coarse granular material in the
T protrusions was different to that of the ground substance and
appeared less dense in places. The pratrusions were 4,04 pm in
y length and 1,00 um in width, with smooth walls which had a distinct B «
N osmiophilic layer, The cyst membrane was deeply invaginated at the R .
- bases of the protrusions and the underlying ground substance formed .
ihin septs that pemetrated the interdior of the cyst. These layers o X ¥
formed the 0,80 um wide cyst wall. Merozoites were 7,67 um x 2,18 B . 2
um 1n size,

The shape of the protrusions of the Sarcocystis species from the
African civet is not unlike that of §, odoi of the white-tailed K B
deer {Dubey and Lozier, 1983). However, differences in certain ’
characteristics, such as the density of the granu)ar material L
(which appears coarser in the civet), and the number of fibrils and
their arrangement, are evident from a comparison of the 8 B 4
micrographs. The presance of an electron-dense layer beneath the
protrusion wall and the indented appearance of the protrusion wall
of S. odui are not features of the smooth wall of the protrusions
of the civet sarcocyst. The smooth-walied protrustons of §, hominis
{syn. S. povihominis), as 111ustrated by Nehlhorn et al. {1976), ‘
and of S. gracil{s from the roe deer . capreglus (ses Entzeroth,
1986), have fibrillar elements that extend into the ground
substance. §, graciifs 1is probably the same as the Type I cyst fn
roe deer {Entzeroth, 1982). The micrographs of S. hominis {see
Tadros and Laarman, 1978) have protrusions which have a serrated
appearance. Type II sarcocysts in mule deer {docelleus hemionus, 2s
raported by Dubey and Speer (1985), have fibrillar elements at the
bases of the protrusions and which do not extend along the length
of the protrusions s in the cyst from the civet, 5. leporum from
the cottontall rabbit Syl lagus floridanus (see Elwasiia et al., :
1984) has fine, fibrilTar elements grouped in the protrusions, -
similar to fibrils in the civet cyst, The serrated or invaginated
appearance of the protrusfon wall in 5 leporum is quite different [
from the smooth- walled protrusions of the civet sarcocyst.

The African civet feeds on small mammals, insects, reptiles and
is also partial to carrion. Final hosts (if any) for the d

L
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FIGURES 57 and 58: Ultrastructure of the cyst wall protrusions of
Sarcocystls of the spotted hyaenz Crocuta grocuta, A filamentous or
Weuzzy' layer (FL) lies adjacent to tha limiting membrane
surrounding the protrusions (Figure B8}, 57: x15000; 68: x30000.







Sarcocystis species described from y»i: “intermediate” host may be
one or more of the largar mamyalian .:ratvores o a large bird(s)
of prey.

11, WILD URGULATES

The walls of s y8ts in warthog Pha hiopicus from
Nemibia (Figure 86), Natal (Ffgures 62-64) and fmbabwe (Figure 65}
are morphologically similar to S, miescheriana from swine and wild
boar, as descrived and 11tustrated by Tadros and Laarman {1978},
and S. suiganis from pigs (Gobel et al., 1978). The protrusions
were broad (2,17-3,06 pm x 1,00-1,40 pm) and smooth- walled, with
tavaginations of the cyst wall at the hases. Fibrils appeared to be
grouped in bundles within the granular substance of the protrusions
(Figures 63 and 65). In cross section, the fibrils were arranged
peripherally around the inner circumference of the walt and also in
groups which were centrally placed {Figure 64), The osmiophilic
Tayer Wwas very thin, In some micrographs (Figure 66), the
protrusions appeared short, due to the plane of section. The
granuiar material of the protrusfons was less electron dense than
the thin underiying layer of ground substance.

The cyst wall was 0,62-0,75 um wide. The mero.oites measured
7,50 pm x 2,31 pm. Figure 67 shows a possibly dividing meroznite
with two nuclef, in the cyst from a warthog from Natal,

sarcosystis suiganis has protrusions which are 2,7-3,2 um % 0,4-
0,7 um and appear to be thinner than those of the warthog,
although the cyst wall morphology 1n the two hosts is very similav,
as was mentioned above, The cyst wall is aiso thicker (0,9 um) and
the osmiophilic layer also appears thicker. In a comparative review
by Tadros and Laaarman {1978), S. miescheriana was reported to have
protrusions 3,5 4w Jong with microtubular elements, each of which
was composed of 3 parallel fibrils. A sarcocyst from a wild pig had
protrusions which measured 2,5-3,5 pm x 1,5 um (Mehihorn et
1976}

A macroscapic cyst (diameters 1,07 x 0,85 mm) in a warthog from
the eastern Transvaal had broad-based, cauliflower-Tike
protrusions, with a distinct osmiophilic layer and short, straight,
filamentous elements {Figures 68 and 69), Unlike the macroscopic




FIGURES 59 to 61: Ultrastructure of the cyst wall protrusions of
Sarcocystis of the African civet Civettictis civetta, Figure 59
shows the protrusions in cross section. In longitudinal section
(Figure 60}, the Tong, finger-1ike protrusions have fine fibrillar
elements that are grouped Into bundles which extend along the
lengths of the protruysions (Figurs 60), The cyst wail is
invaginated between the bases of the protrusions {Figure 61), 59:
*x15000; 60+ x12000; 61: x9000,







122

cysts of $, hirsuta found by BSttner (1884), the protrusions were
short, with very irvegular outlines; and they did not arise from
narrow bases. The protrusiu=s measured 3,82 sm x 6,12 ym and the
cyst wall was 1,67 gm wide. The dendritic appearance of the
macrocyst found {n sheep oesophagus was un)ike the broad-based
protrusfons of this warthog cyst. The ground substance of the
latter formed a thin layer beneath the primary cyst wall. Between
the bases of the protrusions, the cyst membrane had the same
irregular outline as that of the protrusions (Figure 70}, Although
a2 secondary cyst wall could not be identified with certainty,
myofibrils and remnants of the host muscie cell were evident
between the protrusions and adjacent to che cyst. The disruption of
the host muscle vissue {s probably due to the large size of the
cyst. Merozoites measured 10,60 pm x 2,35 pm (Figure 71)

A cyst with finger-1ike protrusions (5,10 am x 0,66 um) and
fibrillar etements that extended into the ground substance was
found 1n a hippopotamus H1ppopotanus amphiibius from the eastern
Transvaal (Figures 72-/4). The protrusions were longer and narrower
than those of a sarcocyst found {n a kudu from Zimbabwe. The
diameters of the kudu cyst wera 90,0 % 85,0 um and 1t was larger
than that from the hippopotamus (60,0 x 57,5 um), The cyst wall of
the sqrcocyst in the hippopotamus was 1,21 ym wide and the ground
substance extended as thin septa into the interior of the cyst and
divided the merozoites (10,83 um ¥ 2,17 pm) inte groups.

This sarcocyst was not unlike S, gracilis in roe deer
(Entzeroth, 1985) which has finger-11ke protrusions (2,5-5,0 um x
0,5-0,7 pm) with s1ightly wavy walls (as in the hippopotamus), and
fibriliar elements that bunch in the ground substance.

Hoiphologically similar sarcocysts were found in giraffe Giraffa
gamelopardalis from Namibia (Figures 75 and 76) and the eastern
Transvaal {Figures 77 and 78).

The cyst walls were invaginated and had regularly spaced
protrusions. The mean distance between protrusions of the cyst
{diam, 85,0 x 80,0 pm) in the giraffe from the eastern Transvaal
was 1,26 yn and the protrusions appeaead to be more widely spaced
than ia the giraffe from Namibia {mean distance between
protrusfons: 1,01 ym; cyst diam. 100,0 x 75,0 pm}. The thin,
elongated protrusions, with wavy fibrils, appeared flat and ribhon-




FIGURES 62 to 64: Ultrastructure of the cyst wall of Sarcocystis of L
the warthog Phacochoerus aethiopicus from Natal. In longitudinal o

section (Figure 63) and in cross section (Figure 64), the fibrillar
elements 1te underneath the osmiophilic Tayer (separated by an
electron-lucent layer) and are also grouped in the granular .
matertal of the protrusions. 62: x900D; 53: x30000; 64: x30000.
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Tike in cross section. The wall of the smaller Transvaal cyst was
thinner (0,35 um) and the protrusions were Tonger (1,76 um x 0,19
Jim} than those in the giraffe from Namibia {cyst wall 0,67 pms
protrusions 1,26 um x 0,23 ).

Protrusions of the cyst in the giraffe from Namibia, cut in
cross section near their hases, appeared to have microtubular
rather than fibrillar elements fn the granular material (Figure
75), Whether this is also the case for the cyst in the giraffe from
the eastern Transvaal, is dnkown as the protrusfons (and,
consequently, these elements) were sectioned obliquely rather than
transversly.

8elaw the osmiophilfc layer of the primary cyst wall, a thin
Tayer of ground substance was present, which formed septa in the
interior of the cyst from both giraffes.

The Sarcocystis species Tn the yiraffe was not unlike sarcocysts
in the fallow deer Cervus dama (see Entzeroth oy al., 1985b) and
Type 4 cysts of roe deer Capreolus capreolus (see Entzeroth, 1982),
which have strip-1ike protrusions. From the orientation of fibrils
in the giraffe cyst, (t appedred that the protrusions had broad,
flat bases that gave rise to flattened extensions. The extensions
were not as narrow or strip-1ike as those fram the fallow deer. The
sarcocyst in fallow deer has short, wide bases and a region of

constriction from which the strip-like protrusions arise. No
fibrillar elements are present in either the roe deer or the fallow
dear protrusions, Morphologically, the sarcocysts from roe deer
(Entzeroth 1982) and the fallow deer (Emtzeroth et al., 1985b)
appear similar.

A second type of sarcocyst in a kudu from Zimbabwe (483-3) had
long, finger-like protrusions {4,18 gm x 1,24 pm) with fine
fibrillar elements along their lengths (Figure 79). Fibrillar
attachments were also present between adjacent protrysions and
between transverse sections of the same protrusion (Figure 80),

This cyst was not unlike the Type 1 cyst in rie deer C.
capreolus (see Entzeroth, 1982) or §, gracilis {1 roe deer
{Entzeroth, 1985}, The protrusion walls fn the kudu were wavy or
Tightly indented. The cyst wall was 0,94 pm wide and the ground
substance compartmentalized the marczoites (8,54 um x 2,42 um)
{Figure 81) in the interior of the cyst by forming thin septa. The
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FIGYRE B5: Yltrastructure of the cyst wall protrusions of
Sarcocystis of the warthog Phacochoerus agthigpicus from Zimbabwe.
%22500.

FIGURE 66: Ultrastructure of the cyst wall protrusions of
Sargocystis of the warthog from Namizia, x18000.

FIGURE 67: A possibly-dividing merozoite with cwo nuclef, in 2
sarcocyst .in the warthog from Namibla. x8000.







fibrillar elements of the protrusions from the cyst found in the
kudy did not bunch §n the ground substance. The fact that the
Fthrillar elements of the Type 1 cyst and §, gracil is do bunch in
the ground substance, indicates that those sarcocysts, described by
Entzeroth {1982; 1986), are one and the same species of
Sarcocystis. The finger-1ike protrusiens in the kudy wers broader
than those of §, gracilis (protrusions of $. gracilis measursd 2,5-
§,0 um x 0,5-0,7 pm) and were diagonally juxtaposed rather than
Vinearly arranged.

The cysts from the kudu also appeared morphologically similar to
S hominis (syn. S, bovihominis), as described by Tadros and
Laarman {1978}, This is of interest because domestic cattle are
kept on the farm where the material from the kudu was obtained.

In the study of S, gracilis from roe deer {Entzeroth, 1985),
three types of Sarcocystis found in roe deer in a previous
investigation (Entzeroth, 1982} were reported to represent cysts of
different ages belonging to the same species,

1f Entzeroth's {1982) Types 1, 2 and 3 are cysts of the same
species, with finger-like protrusions and clumped fibrillar
elements, then it should be noted that tha Type 2 4ge-cyst bears
sone similarity to a developmental stage of S, rangiferi and to S
tarandi in reindeer (Gjerde, 1985c; 1985e). However, the
protrusions of S, rangiferi were much longer (12 um) and broader (3
) than those of cysts in rae deer, and the cyst wall was 1-2 um
wide (these are the dimensions of a young sarcocyst of S, rangiferi
(see 8jerde, 1985c}). Cysts of Types 2 and 3 in roe deer
(Entzeroth, 1982) had protrusions which are 5-8 um'in leagth and
1,2-1,5 pm in width, The protrusions of sarcocysts of §, tarandi
(see Gjerde, 1985e) were also longer and wider (10,5 pm x 2,5 um)
than those of *the roe deer but similar to 5. rangifeed.

A Sarcocystis species from wafte-tailed deer Ddocoilsus
virginianus, which has protrusions that are §,0-B,4 um long and
3,2-4,4 um wide (Dubey and Lozier, 1983), 1s similar in respect of
the protrusions to a cyst in mule deer 0. hemionus (Type 111}, with
indented walls and few fibrillar elements (Dubey and Speer, 1985}
The Type 110 cyst 1n mule deer had protrusions B,1-3,0 pm tong and
3,5-5,6 um wide, with a cyst wa)) 1,57 pm wide. Both of these cysts
{i.e. the type I1I cyst in mule deer and the cyst in white-tailed

\n
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FIGURES 68 and €9: Ultrastructure of the cyst wall of a macroscopic
species of Sarcocystis of the warthoy Phacochoerys aethiopicus from
the eastern Transvaal. The protrusions are broad-based with
{rregular cutlines and contain fine fibrillar elements, 68: x6000;
69; 112000,







deer) are morphoiogically similar to the mature macrocysts {(836-
4740 pm x 135-B10 pm) of S. rangiferi in the skeletal muscle of
reindeer {&jerde, 1985c), which are encapsulated by thickened
andomysial comnective tissue (Gjerde, 1984a; 1885c).

Of the six species of Sarcogystis found in domestic reindeer
(GJerde, 1984d), S. tarandi and 5. rangiferi have sarcocysts with
finger-1ike protrusions. The protrusions have wavy or indented
cyst membranes distaily, reinforced by a thin osmiophilic Tayer.
Fine microtubular elements are orientated Tongitudinatiy in the
electron-lucid granular material) of the protrusions. Dense granules
or plagues, common in sarcocysts of both S. tarandi and S.
rangiferi, ave present in the granular material at the tips of the
protrusions. In cross section, the protrusions form a hexagonal
pattern.

Differences in fine structure and in the length of protrusions
of 5. tarand] and S. rangifer! { 10,4 um X 2,5 pm vs 12-14 um x 8
pm}, are given by §jjerde as evidence that these are different
species, However, micrographs of & young cyst of S. rangifert (see
Gierde, 1985c) are similar to those of S. tarandi (see Gjerde,
1985e). AYthough the protrusions of §, tarandi may bs shorter and
harrower than the mature protrusions of S. rangiferd, young cysts
of the Tatter had protrusicns that measured 12 um x 3 um (Gjerde,
1984e). Cysts of §. tarandi were also shorter and more slender (999
Hm x 75 um vs 2106 pm x 403 um) and lacked the fibrillar layer
surrounding the sarcocysts of S. rangiferi (see Gjerde, 1984a}.

If species of Sarcocystis are considered to have 2
characteristic cyst wall which distinguishes them from other
species occurring in the same {ntermediate host, and also from most
other species occurring in other hosts (Gjerde, 19852}, then the
morphological similarity between S, tarand! and S. rangiferi makes
1t possible that both belong to the same spacies of Sarcocystis:
and that $, tarandl refiects a developmental stage of the mature
cyst shown by Gjerde {1985c) for S. rangiferi.

§. odocoileoganis in white-tailed deer {(Dubey and Lozier, 1983)
has finger-11ke protrusions {1,9-4,0 ym x 1,0-3,2 pm) which are
morphologically stmilar to those of 5, hemfonilatrantis in mule
deer {Dubey and Speer, 1986). However, $, hemionilatrantis in the

deer-coyote cycle appears to have shorter protrusions (1,78-2,42 am
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FIGURE 70: Ultrastructure of the fnvaginated cyst wall between the

broad-based protrusions of the macrocyst in the wartheg from the

eastern Transvaal, x12000.

FIGURE 71: Peripherally located merozofte {M; fn the macrocyst in
the warthog from the eastern Transvaal, The nucleus (N} is situated

posterioriy. x7500,







X 1,95-2,78 pm}.

Both of these cyst types resemble S, tarandivulpes of reindeer
{Bjerde, 1985b; 1985f), the protrusions of which are
morphologically similar but mensurally shorter and broader (0,6-1,2
g x 2,7-3,7 pm), The dog &, familiaris and foxes Y. yulpes and A,
lagopus are definitive hosts for 5. tarandiyulpes {see Gjerde,
1984c). Grey foxes, coyotes and dogs are the flaal hosts of §,
odocofleocanis. Deer muscle infected with §, odocoilegcanis, did
not produce sporocysts in the faeces when fed to red foxes ¥,
vuipes (Pubey and Lozier, 1983).

A Sarcocystis species found In white-tailed deer by Entzeroth et
al. (1982} is morphologically simitar to, and is probably the same
species as 3. gdocofleocanis of Dubey and Lozier {1983). The cyst
wall thickness of 0,4-1,0 pm (Entzeroth gt al,, 1952) was also
sfmilar to that of S, pdocoilgocants (cyst wall 0,4-0.6 um wide)
The protrusfons of Entzeroth et al.'s {1982) cyst were 1-1,45 pn
long and 1,18 um wide, with character{stic invaginated bases, and
with an electron-dense layer separated from the primary cyst wall
by an electron-Tucid layer. The protrusions were £illed with a
granular material and lacked fibritliar elements.

The morphological similarity between 3, odocoilepcanis and
another Sarcocystis species also found in white-tailed deer (Dubey
and Lozfer, 1983), to §. hemionilatrantis and the Type II1 cyst,
respectively, both from mule deer (Dubey and Speer, 1985), may
indicate the presence of the same two species of Sarcocystis in
different deer frosts. The possibility also exists that only a
single species of Sarcocystis is present in both deer, and 1t has
morphologicatly similar developmental stages. The Type III cyst
found in mule desr was recently named S, youngi by Oubey and Speer
{1986).

The Type II cysts in mule deer found . Dubey and Speer {1985)
had finger-Vike protrusions (6,2-7,1 um x 0,7-1,3 pm) H1led with a
granular material and fibeillar elements that extended along the
Tengths of the protrusfons. The protrusion wails appeared smooth.
This spacies of Sarcocystis was lster named S, hemioni by Dubey and
Speer (1986).

Sarcocystis odoi from white-tailed deer (Dubey and Lozier, 1983)
also hes finger-1ike protrusiens (4,2.5,6 ym x 0,8-1,8 pm), shorter
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FIGURES 72 to 74: Ultrastructure of the paiisade-TTke cyst wall
protrusfons of Sarcocystis of the hippopotamus Hippopotamus
amphibius, The Tong, Finger-1ike protrusions have fiorillar
alements that extend inta the ground substance (Figure 73). Figure
74 shows the protrusions cut in cross section. 72: x4600; 73:
x9000;  74: %9000,







than those in mule deer. The Fibrillar elements are grouped or

bundled in the granular material of the protrusions, and en

electron-dense layer {s evident below the protrusion walls.
Whether the three Sarcocystis species found in muie deer by

e Dubey and Speer (1985) (which ave S, hemiontlatrantis and Types 1l
k- s and TI1 ~ Shemioni and S. youngi, respectively) are the same or
S developmental stages similar to 5. odocodleocsnis, S. odoi and 2

IR Sarcocystis species from white-tailed deer (Dubey and Lozler,

1983), respectively, and/or are related to Sarcocystis spp. in
other cervids, can only be determined by cross- transmission
stadles. Whether new species should have been named in the absence
of such studies, is debatable.

High magnification slectron micrographs of the protrusions of 5.
hemiontiatrantis, recovered from mule deer by Speer and Dubey
(1986}, revealed the presance of plaque~1ike structures, These K
specialized structures in the primary cyst wall consisted of 3ix -
Tayers with microfflaments extending from the fanermost layer into B
the central core of the protrusions. It is thought that the plaques
and their assoctated microfiTaments may provide some rigidity or .
moti1ity to the protrusions or, alternatively, may be sites of . T <
molecular exchange between the parasite and the hest cet! |
cytoplasm. These structures have also been seen by those authors in
published electran micrographs of S. guocoi]eocapis, #

Dubey and Speer {1986) described a fourth species of Sarcocystis
from mute deer, By 14ght microscopy, the sarcocyst wall was 2-10 km
thick and had fine, hafr-1ike protrusions. The Species was named S.
americana by Dubey and Speer (1986).

A sarcocyst in a tsessebe Damaliscys lunatus (M85-72) from the b s
northern Transvaal had broad, closely arranged, paiisede-Tike i
protrusions ith wavy, smooth walls (Figure 82). No fibrils were : ,
present {n the granular substance of the protrusions. The
protrusicn zone was 3,1 pm thick, The cyst membrane was jnvaginated
between the bases of the protrusions; and below the primary cyst
wall, a thin (0,85 unj granuiar {electron-dense granules) ground "
substance layer extended into the cyst as septa. The merozoites o
measu~ed 11,17 pm % 2,34 pm. The protrusions were more or ltess
rectanguiar {n cross section (1,37 pm x 1,54 pm) and appearad to be
flat (Figure 82), The invaginated bases Tndicated the thfn, ridbon-

il
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FIGURES 75 and 76: Ultrastructure of the cyst wall protrusions of
Sarcocystis of the giraffe Giraffa camelopardalis from Namibia.
Figure 75 shows the bases of the protrusions fn cross section and
Tongftudinal section, The protrusions appear to be flat and ribbon-
1ike, with broad bases. Each protrusion base seems to give rise to
one or move long, finger-like extensions. From the orientation of
the microtubular alements (MT), the protrusiens in Figure 76 appear
1o be oblique sections, rather than cross sections, of the finger-
Tike extemsions. 75: x22500; 76: x15000.
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Tike nature of the protrusions {Figures 82 and 83). No electron-
dense layer was sesn below the protrusfon walls, as is evident in
sarcacysts of S. odocolleccanis from white-tailed deer (see
Entzeroth et al., 1982; Dubey and Lozler, 1983) and S.
hemigni)atrastis in mule deer (see Dubey and Speer, 1985),
Ultrastructuraily the protrusions of tha cyst from the tsessebe
were similar to those of microscopic cysts found in sheep in the
present study {Figures 110 and 111). The protrusions of the cysts
from the sheep were flat and ribbon-like; and were of similar
Tength (2,5 pm), but narrower than those of the cyst in the
tsessebe.

A sarcocyst fn a springbuck Antidorgas marsupialis (M83-58) from
Namibia was remarkably similar to S. sybillensis from the Korth
American ek Cervus e]aphus (see Dubey at al., 1983), which has the
dog as an experimental definitive host. The slender protrustons in
bath intermediate hosts hed a smooth outer )imiting membrane with
highly 1nvaginated bases (Figure B5), The central arrangement of
osmiophilic granuies along the lemgths of the protrusions in the
springbuck cyst is also a feature of 5, sybiliensis. The
protrusions are Tong and did mot appear {n thefr entirety fn
section, The few that were most complete, measdred 7,54 um x 0,30
MM, The protrusions of S, sybillensis were up to 6,16 um long and
were 0,30 pm wide at their bases. As in the cysts from the elk, the
cyst wall in the springbuck was thick (1,40 um). The graund
substance continued as septa into the cyst and divided the
merczoites (8,67 um x 2,67 um) into groups (Figure 86).

SARCOCYSTS XN DOMESTIC AND WILO EQUINE HOSTS

itrastructurally, the wall of a sarcocyst found in the
ocesophagns of a horse Fquus gaballus in the Transvaal, had
protrusions which were long and thin (3,46 pm x 0,77 um), extending
away from tha cyst (Figure 87). Thelr walis were highly invaginated
and osmiophilic granules were present amongst the fibniilar
elements. The fibriiiar elements were centrally situated and ran
into the ground substance, At the bases of the protrusions, the
Fibrillar elements became tightly packed and formed bundles or
plagues in the ground substance. In cross section (Figure 88), the




FIGURES 77 and 78: Ultrastructure of the cyst wall protrusfons of
Sargocystis of the giraffe giraffa gameigpardalis from the eastern ! e ;
Transvaal, The protrustons are wltrastructurally similar to those ‘ ‘R
Of the cyst Tn the giraffe from Namibia and, therefore, the fine
elements (F/MT) evident {n the protrusions may be microtubujes
rather than flbrils, 77: x18000; 78: x15000. -
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protrusions measured 1,57 ym X 0,45 um. The cyst wall, which
comprised z thin layer of ground substance and the invaginated
primary cyst wall, was 0,91 pm thick.

Skeletal muscle cysts in two species of zebra from varfaus
Tocalities fn Namibia, had similar cyst walls. Sarcocysts in a
mountain zebra Equus zebra hartmannae from northern Namibia (Figure
89) were fdentical to those found in four mountain zebra from
central Namibia (Figures 90 and 91). The width of the cyst walls
was 0,62 um and 0,87 pm, respectively, The protrusion lengths were
shorter than those of the horse, and measured 1,93 pm x 0,40 um and
2,28 Jm % 0,47 ym, respectively. The protrusions from the mountain
zebra sarcocysts lay adjacent to the cyst wall and the fibrillar
elements were Jess condensed {n the ground substance than those in
the domestic horse. In addition to belng present In the
protrusions, electron-dense granuies were also evident e)sewhere in
the ground substance of the mountain zebra cysts., The osmiophilic
layer became thicker and was less invaginated towards tha apical or
distal ends of the protrusions {Figure 90). Merozoites were 8,40 um
% 2,55 pm (Figure 95}, and, in Flgure 96, a metrocyte with two
nucted is evident in a cyst from a mountain zebra. The micrographs
of the cyst wall in 2 Burcheil’s zebra Equus burche)ii from
northern Namibia {Figures 93 and 94) show the centrally located
Florillar elements of the protrusions in cross section, and
extending into the ground substance 1n jongitudinal section. The
mean width of the cyst wall of E. burchelld was 0,95 um and the
protrusions measured 2,51 um x 0,47 M.

The ultrastructural morphology of these sartocysts in domestic
and wild equines was similar to S, bertrami (syn. §. equicanis) in
European horses (Gobel and Rommel, 1983), which had protrusions 2.3
pm in length. The cysts were not unlike S, bertrami in British
horses, found by Edwards (1984), although the horse and zebra
protrusions in the present study were longer than those of S,
bertrami {0,8-1,6 um). From an examination of the micrographs of S,
bertrami (see Edwards, 1984}, 1t {s evident that the protrusicns
were sectioned obliquely; and thefr length measurements, as given
by Edwards {1984}, were similar to the longer cross sectional (and
oblique) measurements of the protrusions of the cyst in the
Transvaal horse and the cysts in the zebras in this study (horse
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FIGURES 79 and BO: Uitrastructurs of the cyst wail protrusions of
Sarcacystis of the kudu Tragelsphus strepsiceres from Zimbabwe.
Figure 79 shows the protrusions, which appear to be dfagonally
Juxtaposed, in Tongitudinal section. The fibrillar elements are
grouped in the granular materiatl, In cross section (Figure 80),
fine fibrijlar elements (F) appear to 1ink adjacent protrusions.
79: x15000; 80: x30000.

FIGURE 81: A merozcite {M) with a posterforly located nucleus in a
cyst from the Zimbabwean kudu. x9000.
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and zebras: range 0,63-2,20 pm; mezn 1,21 ym). Edwards [1984) found
donkeys infected with what may be §, bertrami.

Sarcocysts from the domestic horse and wild zebras in South
Africa resemble a cyst type in a horse in the United States of
America (Daly et al., 1983). Tinling gt 21, (1980) found that tais
American hors nvst had Features like those of §, fayeri., The
thick-walled, radially-striated cyst of S fayert is similar to
that of the domestic horse cyst in the present study, which also
had protrusions that extended away from the cyst, thereby imparting
a striated appear~»-3 by 1ight microscopy. The most obvicus
difference betweer | yeri and S, equicanis, a5 stated by Tinling
et al. (1980), is the presence of microtubular efements in the
former species. Micrographs of cross sections through the
protrusions of the horse $arcocyst in the present study show that
some fibrillar elements do appear to be tubular (Figure 88), but
they did not form Junctions wits the pellicles of the peripheral
merozoites or metrocytes. A high magnification electron micrograph
of the fiorillar elements 1n the protrusions of a cyst found in the
modntain zebra, also revealed that microtubular eleme ts are
possidly present {Figure 92). However, as the majority of the
slements appeared to be solit strugtures, the presence of a single
possible microtubular eiement is considered a dubjous criterion for
differentiation. .

If the differences between S, fayeri and j. gouicanis are based
on Tight microscopica) examiration of the cyst wall, then the
Sarcacystis speclas in the domestic horse could be different from
that of the zebras. Sarcocysts found in the zebras had protrusions
that lay adjacent to the cyst wall, giving it an unstriated or
thin-wa)led appearance, as described for §, equicanis (see Erber
and Geisei, 1981). The number of protrusions in the zebra cysts
appeared to be less numerous than those in the South African horse,
which ma¥ {nfluence the 11ght microscopic appearance of the cyst
wall {Tinling et al., 1980}, However, whether this fs an age-
related phenomenon or a basfc differance in the structure of the
eysts, is unknown.

Ultrastructurally, the protrusions from the cyst fn the South
African horse appeared to have fewer fibriilar elements than were
present in the zebra ¢ 'sts, and, although the dimensions of the




FIGURES 82 to 84: Ultrastructure of the cysi wall protrusions of
Sarcocystis of the tsessebe Damaliscus 1una invaginated
bases of the protrusions (Figure 82) and thé avgsarance of the
protrusions in longitudinal {Figure 83} wnd c-oss [Fiqure 84)
section, suggests that the protrusions are Yaay, kroad, Flat and
ribbons1ike. 821 x12000; 83: x15000; 84: x15000.
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merozoites found in the zebra cysts compared favourably with those
of S, equicanis (see Gobel and Rommel, 1980; Tinling gt 31., 1980}
the lengths of the merozoites in the sarcocyst of the horse could
It not be determined, The diameters of the cysts from the zebras had a oy
DR} rangé of 55,0-115,0 ym and were smaller than the diameters of the .
cysts found fn the South African horse (82,5-150,0 pm). U
S Based on certatn specific features, such as the dlameters of the v
i eysts, the number of fibrillar/microtubylar elements, the
B 2 arrangement of the protrusions and the presence or absence of
Coy nicrotubular elements, it is possible to make a distinction between
the cysts from the horse and those from the zebras. If cysts of S. P B
} < fayeri have microtubular elements, as descrided by Tialing et al. :
(1980}, together with smaller diameters, and fewer microtubules and A o
¥ b protrusions that extend away from the cyst, then the sarcocyst from
: the horse is most 11kely this species.
The features of the sarcocysts from the zebras are more in line
) with those features attributed to S. gquicanis, Hawever, as the
diameters of the cysts from the zebras tended to be sma)ier than
s, those from the horse, and as the possibility exists that
microtubular elements may occur in the protrusions, the species of
Sarcocystis in the zebras fulfils at lsast two of the four criteria
for identification as . fayeri. Studies of variation in aquine
sarcocyst morphalogy, correlated with cyst age, are clearly needed. s
Although the cysts from domestic and wild equines are
norphologically similar, it is uncertain how many species of
Sarcosystis occur in the domestic horse. At least three species of
Sarcocystis have been named from horses: S. bertrami, S. squicapis
and §. fayeri, While §. bertrami has become synonymized with S.
sguicanis (see Edwards, 1984), some authors are cf the opinfon that
all cyst types found fn the horse, 1.e, including S. fayerd, are of
ane Sarcocystis species only (Hinaldy and Loupai, 1982). R. Fayer
recently conmented that he thinks that probably there is only one
species of Sarcocystis in horses {M. B. Markus, 1987, persanal
comnunication). ¥




FIGURE 85: Ultrastructure of the cyst wall of Sarcacystis of the
springbuck Antidorcas marsupfalis from Namibia. The cyst wall is
tnvaginated at the bases and between the bases of the protrusions.
The 1ong, tendril-like protrusions have granules which form a
dotted pattern in the granular material. x9000.

FIGURE 86: Toternal ultrastructure of the cyst from the springbuck,
with merozoites (M) grouped into clusters by septa (S). x4800,
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SARCOCYSYS IN DOMESTIC UNGULATES
1. CATTLE

The nomenclature used in the preseat study for species of
Sarcocystis fn cattle is that of Levine and Tadros (1980} and
tevine (1986) (see Table 4). However, the macroscopic cyst type 1s
referred %o in this thesis as the cat/bovine Sarcocystls species.
S. hirsuta has been used tn the present study for microscaple,
thick-walled cysts found in cattle, and which have the cat as a
deftnitive host. These cysts are morphologically simitar to S,
bovifalis" {see Mehlhorn et al., 1976), which is considered to be &
synonym. !

Microscopic Thick-walled Cysts

In the micrographs presented by Bittner {1984), o\ “ee
different types of microscoplc, thick-walled cyst couid be
distinguished.

The first had protrusions that were palisade~-like with smooth
walls and which axhibited vesicle-1ike invaginaticns of the unit
membrane at their bases. Fine, Fibr{fliar efements filled the
protrusions, and extended into the ground substance where they had
(collectively) a bulbous appearance, These protrusions wera not
untike those of "5, bovife)is® {syn. S, pirsuta) as described by
#ehThorn et al. (1976) - which has palisade-1ike protrusions with
f4borillar elements that extend into the ground substance. The
fibridlar elements are Fine and form tubular patterns in cross
section.

A second cyst type 11lustrated by Bbttner (1984) had thin,
#inger-11ke protrusions with very irregutar primery cyst walis. The
outer unit membrane surrounding the protrusions was deeply
invaginated (nto a thick osmiophitic layer. The protusions had
narrow bases where they joined the body of the cyst, and electrons
dense granules were dispersed between fine fibriliar elements,

The third cyst type $1lustrated by Bbttner {1984) had palisade~
11ke protrusions with s11ghtly {nvaginated cyst walls and fibrillar
elements that did not £{11 the entire protrusions, These

o e
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TABLE 4: The tuxonomy of Sarcocystis species of domestic ungulates.

From Levine {1986). Only synonyms used in the present study are
Visted,

S, gruzi (HassaTmann, 1923) Wenyon, 1926

Synonym: S. bovicanis Heydorn, Gestrich, Mehlhorn, and Rommel,
1975.

Definitive hosts: dog Canis familjaris, coyote G, latrans, woif
C. lupus, red fox Yulpes yulpes and probably racoon procyen
lotar.

Intermediate hosts: ox Bos taurus, gaur B. gaurus {7), bison
Bison bison,

5. hirsuta Moul, 1888

Synonym: S. bovifelis teydorn, Gestrich, Mehlhorn, and Rommel,
1975,

Definitive hosts: cat Pelfs catus, widd cat F. silyestris.

Intermediate host: ok Bos taurus.

5. hominis (Railliet and Lucet, 1891) Dubey, 1976

Synonym: S, bovihominis Heydorn, Gestrich, Mehlhorn, and
Rommel, 1975,

Defiaitive hosts: man Homo sapiens, rhesus monkey Hacaca
mulatts, babocn Papio cynocephalus, chimpanzee Chimpansee
troglodytes (7).

Intermediate host: ox Bos taurus.

5. miescheriany (Xdhn, 1865) Labbé, 1899 (Type species)
Synonym: §. suicanis Erber, 1977.
Definitive hosts: dog Canis familjaris, wolf C. lupus, red fox

Yulpes vulpas, racoen Procyon lotor,
Intermediate hust: plg Sus scrofa,

o

S. porcifelis bubey, 1975
Definitive host: cat Felfs catus.
Intermediate host: pig Sus scrofa.

P
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suihominis (Tadros and Laarman, 1976) Heydorn, 1977

Synenym: §, porcihominis Dubey, 1976.

Definitive hosts: man Homo sapiens, chimpanzee Chimpansee
troglodytes, rhesus monkey Macaca mulatta, cynomolgus monkey M.
fascicularis.

Internedfate host: domestic plg Sus scrofa.

S bertrami Boflefn, 1901

Synonyms: S. asinus Gadaev, 19783 5. equicanis Rommel and
Seisel, 1975; S. fayeri Dubey, Streftel, Stromberg, and
Toussant, 1977 (7).

Definitive host: dog ,.nis familiaris,

Intermediate hosts: horse Equus caballus, ass E. asinus.

3. fayer! bubey, Streitel, Stromberg, and Toussant, 1977

n

Definltive host: domestic dog Canis famiiiar{s,
Intermediate host: horse Equus caballus.
Remark: This may turn out to be 2 synonym of S. bertrami,

S. glgantea (Railliet, 1886) Ashford, 1977

Synonyms: S. ovifelts Heydorn, Gestrich, Mehlhorn, and Rommel,
18753 5, tenella (Raliliet, 1886) Woulé, 1886, in part.
Definttive host*: cat Falis catus.

Intermedfate host: sheep Qvis arfes.

S, medusiformis Collins, Atkinson, and Charleston, 1979
Definitive host: cat Felis catus.
Intermediate host: sheep Ovis aries

S. tenella {Railliet, 1886) touté, 1886
Synonym: $, ovicanis Heydorn, Gestrich, Mehlhorn, and Rommel,
1975,

o~

* Levine {1986) 11sts (presumably in error) the red fox Vulpes
yulpes as a final host of S, gigantea. However, 1F the red fox is
indeed a final host of 5. gigantea, I have not seen the paper which
reports this.




Definitive hosts: dog Canis familiaris, coyote C, latrans, dingo

€. dingo {%), red fox Yulpes vulpes,
Intermediate host: sheep Qvis aries.

5. arieticanis Heydorn, 1985
befinttive hast: dog fanis familiaris.

L Intermediate host: sheep Quis aries.
o . ferovis Oubey, 1983 ! : .

e | Oefinttive host: coyote Cants latrans. P P

M v Intermediate host: bighorn sheep Qvis canadensis. T e, K

S 5. capracents Fischer, 1979

- Synonym: $. capricanis E)-Rafaii, Abdel-Baki, and Salim, 1980, )

lapsus calami. -
Definitive hosts: dog Canis familjaris, coyote L. latrass, fox s B
Mulpes vulpes.

Internediate host: domestic goat Capra hircus.
Remark: The relationship of this species to S, arientalis is
unknown. i)

S, caprifelis £1-Rafaii, Abdei-Baki, and Selim, 1980 .

Definttive host: cat Felis catus. i -
Internediate host: goat Capra hircus. - .

5. hircieants Heydorn and Unterholzner, 1983
Definitive host: dog Canis familiards,
intermediate host: goat Capra hircus.

S, orientalis Machul*skii and Miskaryan, 1958
Definitive host: ynknown.
Intermediate host: wild goat Capra sibirica.

Remark: This may be a synonym of §. moulel,

S. moulel Neveu-Lemaire, 1912
Synonym: S, orientalis Machul'skii and Miskaryan, 1958 (2).
Definitive host: dog Canis familiaris.
Interniadiate host: goat Capra hircus.




protrusions were stmilar in appearance to those of " hominis, as
11 lustrated by Tadros and Laarman (1978). However, whether this
cyst type was S. hominis could not be deduced by BSttner et al.
{1987b). Scanning electron microscopy showed these cyst protrusions
to be flattened and tongue-1ike, and no features were observed
under eifther TEM ar SEM that were suggestive of distinctive
morphologies of S, hirsuta and $, hominis, respectively {Bbttner eb
al., 1987b).

As regards thick-walied cysts, Bittner gt al. (1987b) concluded
that the cyst wall (its development and cyst wall widths) and the
protrusion widths are a meagre basis for distinguishing cysts of
indeterminate age, as cyst wall morpholTogy could change
significantly with age.

Macroscopic Cysts

Macroscopic cysts {mean diameters 170,8 um x 123,3 um} in some
beef bought from a butcher in Natal were {dentified as cat/bovine
Sarcocystis {Figures 97-100). The protrusions were broad, with
short microtybylar 2lements that radiated from narrow bases (Figure
98). Macroscopic cat/bovine sarcocysts, described by Bottner {1984)
from cattle, 11kewise have protrusions with narrow bases wiere they
join the body of the cyst. The outlines of the protrusions of the
bovine cyst from Natal were irregular, with a thick osmiophilic
layer present and osmiophilic {electron-dense) granules scattered
betwean the microtubuiar elements (Figure 97}, The protrusions were
2,28 pm wide and were up to 7,0 gm fn Yength 1n longitudinal
section {Figure 99). The cyst wall was 1,41 pm thick and the ground
substance {which had electron dense granules) beneath the
invaginated cyst wembrane formed septa in the interior of the cyst.
Merozoites measured 7,17 gm x 2,56 pm,

A longitudina) section of the macroscopic cat/bavine cyst foum
by Bttner {1934} s identica} to §. levinel fn water buffaloe
Bubalus bubalis, described by Dissamaike and Kan (1978}, However,
S, levinei, uniike the cat/bovine Sarcocystis specles, fis
transmitted by the domestic dog fn an experimental situation.
Micrascopic cysts of 5. levipei (see Kap and Dissanaike, 1978) had
diameters of 90-140 ym, protrusions 6,4-10,0 ym long, cyst walls




FIGURE 87 and 88: U1trastructure of the cyst wall of Sarcocystis of
the horse Equus cabatlus. In cross sectien (Figure 88), the
protrusions contais microtubnlar elements which extend into the
grouny substance as plaque-1ike structures (A). 87: x22500; 88:
%37500.

FIGURE 89: UTtrastructure of a cyst well protrusion of Sarcogystis
of the mountain zebra Equus 2ebra hartmagnae from Namibla, The
protrusion Ties adjacent to the cyst wall. Thare are large granules
in the granular materdal. x37600.
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1,57-2,07 pm wide and merozoites which measured 17,0-18,2 % 3,8-4,6
.

In an investigstion concerned with the identity of macruscopic
cysts (similar to those examined in the present study) fn cattle in
New Zealand (Bbttner et al., 1987a), cysts could be transmitted
only to cats and not to dogs or a human volunteer. By 1ight
microscopy, the cyst wall ranged from 3,3 pm to 7,0 sm in thickness
{mean 4,8141,03 ym) and the widths of the protrusions from 1,2 um
to 2,6 pm (mean 1,6640,39 pm). Ultrastructurally, the protrusions
were Yarge, with frrequisr outlines and narrow bases. In
longitudinal section, the finger-like protrusions were narrow, and
similar to those descrived in some microscopic, thick-walled cysts
by BSttner et al. (1987b) and to the protrusions of the thick-
walled cyst (referred to {n the present study as the second type)
i1lustrated by Bittner (1984). On the basis of their transmission
and scanning electron microscopic studies of the macrascopic
cat/bovine cysts in cattle, BBttner gt a1, (1987a) suggested that
with increasing age and growth of young microscopic S. hirsuta
cysts, the cyst wall protrusions become larger and develop a highly
irregular surface, although the basa) attachments of the
protrusions to the cyst wall remain the.same. These authors were of
the opinion that the narrow bases suggest that only growth and
entargement of the protrusions occurs, and that no mew protrusions
are formed. Where the protrusions 11e against the host tissue, they
become flattened and mushroom-like (Charleston and Bbttner, 1386).
The fibrillar elements are thought to become disorganised and
reorientated into small elements that radiate from the narrow
bases. Byttner et al. (1987a) concluded that because the
ultrastructure of the cyst changes with age, the identification of
cysts based on morphology alone s something to be approached with
caution.

Wowever, only macroscopically visible cysts were used in the
study by Bttner et al, {1987a), and no developmental {younger
cysts from experimental infections) stages of the cyst wall were
described. Electron microscopy of the macroscopic cysts revealed
considerable differences from published descriptions of microscopic
5. hirsuta cysts, and from the microscopic, thick-walled cysts
referred to in the present study as the first type and third type
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FIGURES 90 and 91: Ultrastructure of the cyst wall protrusions of
Sarcocystis of the mountain zebra Equus zebra hartmannae from
Namibia, In Figure 90, & proteustan lying adjacent to the cyst wall
15 shown in longitudinal section, It has fibrillar elements (F) and
granules () in the granular material and graund substance. In
Fige ¥ 91, the £ibr11%ar elements in the protrusions and ground
subs ¢t are seen in cross section. 90: x45000; 91: x45000.
Fixative: ylutaraldehyde.

FIGURE 92: A high magnificatfon micrograph of a cross section
through a protrusion of & cyst in a nountaln zebra from Namibia.
Most of the fibrillar elements appear as solid structures while a
few seem to be tubular (F/MT) in cross section. x150000. Fixative:
glutaraldehyde,







150

described by Bbttner et al. {1987b).

My own view 1s that, although it is possible that minor changes
can occur in cysts during growth, major changes such as those
suggested by BBttner et al. (1987a), seem unlikely. On examination
of the micrographs in the doctoral thesis of Bbttner {1984}, cyst
witl] morphologles for two microscopic, thick-walled cysts are to be
sten (Bbttner, 1984; Figs 16 and 17) at the same magnification. One
has a fine structure similar to that described for S, hirsuta,
heving densely-packed pal{sade-1ike protrusions (referred to in the
present study as the first type), The other has %ong, irreguiarly-
spaced protrusions with irreguiar walls, narrow bases and electron-
dense grangles. (referred to in the present study as the second
type). The latfer is probably a young ¢yst of the macroscopic
cat/bovine Sarcocystis specles.

The possibility remains, therefore, that two species of
Sarcocystis, both having the cat as a definitive host, occur in
cattle. Both the macroscoric and microscopic species are, at
present, known as “§, pirsuta®. N

Microscopic Thin~walled Cysts

Sarcocystis cruzi (syn. 3. bovicanis) was examined in cardiac
muscle of cows from the Transvaal. The electron micrographs showed
a cyst wall with few protrusfons and which were circular or bean-
shaped in cross section (0,32 um x 0,13 um) (Figures 101-103), The
cyst type shown in Figures 101 to 103 was transmitted to puppies 1n
my laboratory by feeding them infected, minced heart muscle.
Subsequently, sporocysts in gut mucosal scrapings from these dogs
were fed to a calf. On day 28 p.i., the calf died. Schizonts were
found in endothelial cells in most organs (see datails of
transmission expertments). The cyst type examined u)trastructurally
has, therefore, bean correlated with a particular final host (it is
uniikely that the Sarcocystis species which I examined by electron
microscopy was & different one). The protrusions had smooth walls
and no fibriliar elemants in their granular substance. The cyst
membrane was highly invaginated in places, between the bases of the
pratrusions. A thin layer of ground substance was apparent beneath
the primary cyst wall. The cyst wall had a mean thickness of
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FIGURES 93 and 94; Ultrastructure of the cyst wall protrusions of

Sarcgcystis of Burchell's zebra Equus zebra burchelld from Namibia.
The fibriliar elements extend from the protrusions that 1e close

to the cyst wall into the ground substance of the cyst {Figure 93).

93: 226003 94: x30000,
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0,31 pm,

sarcocysts in bovine heart muscle fn South Africa we.e fdentical
to vS. hoyiganis’, . e. 5. cruzl (see MehThorn ey al., 1976),
which had a cyst wall 0,3-0,4 pm thick, and protrusions 3,0 um in
Tength and 0,2-0,3 pm in width, Thin-walled cysts {$. cruzf) {n the
qesophagt and, ta a lesser extent, in the diaphragms of cattle in
New Zealand (Bbttner, 1984), as well as S. gruzi as dascribed in an
ox-coyote cycle by Dubey (1982), were also idemtical to the cysts
described and {3 1ustrated in the present study, The shape of the
protrusions at their origin on the cyst wal} (Figure 102 in this
thesis) was similar to the stubby protrusions of the Type § cyst
found by Entzeroth (1982) in ree deer.

' Pacheco et al. (1978) studied the fine structurs of immature
cysts of S, gruzi and showed the formation of the cyst wall at
various stages of development. It should be noted that an fmmature
sarcocyst of 5. sybillensis from the North American elk {Dubey et
al., 1983) had a cyst wall that is similar to 2 stage in the
development of S. cruzi (see Pacheco et al., 1978). A S. gruzi
cyst descrived by Bdttner (1984}, which has rod-1ike protrusions,
1s remarkably similar to a sarcocyst from the roe deer (Type 4)
{see Eatzaroth, 1982), which has strip-1ike protrusions in cross
section, A longjtudinal section of the rod-like protrusions of 5.
gruzi {see BBtiner, 1984) 1s also similar to & Sarcocystis species
from the fallow deer {Entzeroth gt al.. 1985h), which has strip-
11ke protrusions with wide bases. Therefore, there is a possibility
that the Sarcocystis species from the fallow deer and the Type 4
cyst frop the roe deer are the same species. The Type § cyst from
roe dear (Entzeroth, 1982) may be a stage in the development of
this Sarcocystls species from roe deer {Type 4) and fallow deer.
§jerde (1985F) considers ane af the types of cyst found in cattle
1n New Zeatand by Battner (1984) (referred to in the thesis by
BOttner (1984) as 2 thin-walied S. cruzi cyst with rod-ifke
protrusions - 1t s also similar to both S. cervicanis {syn. S
wapiti} and S, groeneri, which occurs in reindeer) as a new species

of bovine Sarcocystis in addition ta §, crugl, S, hirsuta and §,

hominis.
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FIGURE 95 and 96: Internal ultrastructure of the cyst in the
mountain zebra Equus zebra hartmannae from Namibia. Merozoites (M)
are shown in Figure 98, A dtviding metrocyte (MC), with two nuclei,
s to be seen in Figure 96, 95: x4500; 96: %4500,
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Conclusion

Other than the microscopfc S, gruzt, which has the dog as 2 L
final host, and S, hominis (syn. bovihominis), there appear to be . .
» at least two additiomal Sarcocystis species in catble: Sarcocystis y : -
) hirsuta, f.e, "S. hovifelds", which is mfcroscopfc and has & cat o
i deffnitive host (Mehlhorn gt al., 1976), and the microscopic/
- macroscopic cat/bovine cyst type (Blttner, 1984 and present study). !

4
f 11. HORSES {see "SARCOCYSTS IN DOMESTIC AND WILD EQUINE HOSTS") b

111, PIES

- i A sarcocyst found in oesophageal muscle of a domestic piy Sus
" /&:5‘ scrofa from the Transvaal, had long, broad-based protrusions
A (Figure 104), The cyst membrane at the bases of and between the . Cy
’ - protrustons was highly invaginated. Distally, the protruded walls
were smooth, with a thin osmiophilic layer. Microtubular elements
that appeared circular in cross section, extended along the lengths Lo K
of the protrusfons, The protrusions appedared ta be wide and )
flattenad at their bases (2,80 pm x 0,80 um 1n X.S.} and narrower
nore distally (1,49 pm x 0,84 pm in %.5.) This sarcocyst was
remarkably similar to §. suihominis in the diaphragm of a domestic
pig (Tadros and Laarman, 1978), and which had irregularly-shaped
protrusions and possessed microtubular elements.

V. SHEEP .

The haphazard use by authors of ssientiftc names for different "
specles of ovine Sarcocystis and afso the use of a sfngle name for l
i fFerent species, has resulted in 2 great deal of confusion as far
as nomenclature is concerned. 1t fs difficuit to compare scientific (
work dene on a single specles of Sargocysifs when that species is
referred to by Lwa dr more names.
According to Levine and Tadros (1980) 3ud Leving {1986}, VS,
ovifelis™ fs a synonym of §, gigaptea (see Table 4).
Ultrastructurally, S, gigantea 1s fdentical to S, avifelis® 2s
described by Mehlhorn gt al. (1976). However, the same cyst and in -




FIGURES 97 te 100: Ultrastructure of cyst wall protrusions of the
macroscopic cat/bovine Sarcocystis species in Bos taurus. In Figure

97, the microtubular elements {MT) are viewed in cross section.
Figure 98 shows microtubular elements radiating from the narrow
bases of the protrusions. Flgures 99 and 100 are longitudinal/
oh1ique sections of protrustons, In addition to the microtubular
elements, granules (8) are also present in the granular material of
the protrusions. 97: x30000; 98: x15000; 99: x16000; 100: x22500.
rixativer glutaraldehyde, *

Note: The meat from which these cysts were recovered, had been
frozen at 20°C for an unknown period prior to thawing of the meat
and fixatfon of the cysts fn glutaraldehyde.







fact the identical micrograph is an i1lustratfen for "S. tene)la"
in a study of the Sarcusporida by Mehlhorn and Heydorn (1978). The
thick-walled, microscopic cyst from sheep is referred to by
MehThorn et al. {1976) and Mehlhorn and Heydorn (1978) as “S.
ovizanis". S, gvicanis" is listed by Levine (1986) as a synonym of
enella which, in turm, is In part a synonym of S. gigantea.
Regarding the nomenclature used with reference to Sarcocystis
species of sheep, Ashford (1977) pointed out the validity of the
names given by Rajlliet in 1886. The Sarcocystis species which
produces microscopic sarcocysts in sheep and which has the domestic
dog C. familiaris, coyote C. iatrans, the red fox Yulpes vulpes and
prokably the dingo C. dingo us definitive hosts, s 5. tenella
{Rai1l1et, 1886). The species producing macroscopic sarcocysts in
sheep and having the domestic cat F. catus as a definitive host, is
S. gigantea (Railliet, 1886). S, ovicanis and 3, ovifelis are
synonyms of S, temella and S. gigantea, respectively {Ashford,
1977}, Ashford’'s (1977) paper effectively reduces confusion as
regards the nomenclature of Sarcocystis species in sheep.
Nevertheless, Britt and Baker (1983) reported the finding of
macroscopic, ovold cysts in the cesophageal muscle of sheep and
arroneously called this cyst type S, tenella. Ashford and Britt
(1983) subsequently pointed out that the correct specific name to
use is S, gigantea.

Species of Sarcocystis fn sheep are either referred to in the
present study by the names given in Ashford (1977), and 1isted by
Levine and Tadros (1980) and Levine (1986) (see Table 4}; or in
general terms such as "dog/ovine Sarcocystis species.

Macroscoptc Cysts

Berguann and Kinder {1975) found macrocysts in sheep cesophageal
muscle. The caulifloser-like protrusions were similar to those of
the macroscoplc S. gigantsa cysts from sheep ocesophageal and
abdominal muscle found later by Collins et al. (1979), Collins et
1. (1979) discussad three macroscopic cyst types from sheep. The
aesnphugeal and "fat" macrocysts from skeletal muscle both had
cauliflower-Tike protrusions and were considered to be S. gigantea
(syn. 5. ovifelis). The third macrocystic species, also
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FIGURES 101 to 103: Ultrastructura of cyst wall protrusions of the
dog/bovine Sarcocystis spectes in cardiac muscle (§. cruzi of X o i R
domestic cattle). The protrusions have smooth cyst walls and appear : : N
bean-shaped in cross section (Figure 101). Figure 102 shows the o
origin of a protrusion from the cyst wall, There is a sharp turn at
the base which causes the protrusion to 11e adfacent to the cyst
wall., 101: x75000; 102: x75000; 103: x60000. Fixative:
glutaraldenyde.
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transmissible to cats, had characteristic, snake-1ike extensions of
rounded protrusions; hence the name S, medusifoermis. The
development of 5. wedusiformis in sheep was investigated by
Obendorf and Munday (1987). Mature cysts (487 d.p.i.) were located
in the laryngeal, abdominal and diaphragnal muscles of a dosed
Tamb. A collagenous secondary cyst wall was evident in the cysts of
5. gigantea studfed by Coll1ns et al. (1978), but was absent in S,
medusifornis. Betgmann and Kinder (1975) interpreted the secondary
cyst wall of the macroscopic cyst from sheep (S. gigantea) as being
basal membrane material. The suggestion that there is a
reduplication of the basal membrane as the inner component of the
secondary cyst wall of S. gigantea, has been supported by Gierde
(1985¢).

Sarcocystis gigantea is fdentical to S. ovifelis of Mehlhorn gt
al. (1976). The diffuse protrusions were 4,5 um Tong and the cyst
wall was 2,0 um thick (Mehlhorn et al., 1976), This cyst was
referred %o as S, tenella in a review of the fine structure of
Sarcasporidia by Mehihorn and Heydorn (1878),

A macrocyst from sheep oesophagi (from an experimenta) fnfection
in which sporocysts from cats were usad) developed the
characteristic $, gigantea cyst wall at 10 months pi. (Munday and
Obendorf, 1984). At 25 months p.i., the cysts were
ultrastructurally fdentical to those described previously (5.
gyifelis: see Mehlhorn et 2l., 19765 S. tenella: see Mehlhors and
Heydorn, 1978; 5. gigantea: see Coll1ns et al., 1979). A secondary
cyst wall of connective tissue was 2.3 um thick and enciosed the
parasitized host muscle cell (Munday and Obendorf, 1984). A
reduplication of the basal lamina, as described by Gjerde (1985c),
could net be seen fn the micrographs presented by Munday and
Obendorf (1984), Immature (pre - 119 d.p.i.) cysts of S, gigantea
were superficially similar to S. tenalla {syn. §. ovicanis), but
could be distinguished by the thick {1-2 um) sarcocyst wall. The
presence of immature sarcocysts at § weeks p.i. and the occurrence
of encephalitis in the sheep suggested that schizogony ocoupied the
first § weeks after infection,

Macroscopic eysts {mean diameters 1068,2 um x 862,4 um) in
cesophageal muscle of sheep from the Transvaal were
ultrastrycturally identical to S, gigantea (see Mehlhorn et al.,




FXGURE 104: Ultrastructure of the cyst wall protrusions of
Sarcocystis of the domestic pig Sus scrofa. The protirusions have
invaginated cyst walls at their bases and contain microtubular
elements. The creased appearance of the protrusions at the
periphery suggests that the protrusions taper and flatten towards

their apeces. x22500.
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1976; Mehlhorn and Heydorn, 1978; Coilins ¢! - 7., 1879; Munday and
Obendor®, 1984), The caulifliower-1ike protr.sions had irregular,
invaginated outlines, and contained microtubeTar elements at
various orientations {Figures 105 and 106). A thick layer of ground
substance {3,256 ym) baneath the 1nvaginated cyst membrane formed
broad septa which saparated the merozoites (10,52 um x 2,58 um)
into clusters (Figure 108). In addition to electron-dense granuies,
rod-11ke structures were a1so present {n the ground substance.
These rod-1ike structures appeared filamentous, With a central core
of 11nearly arranged granutes {Figure 109). A secondary fibrous
cyst wall was evident and enclosed remnants of the parasitized
nuscle sarcoplasm and myofibrils (Figure 107). The fibrous
secondary cyst wall may be a reduplication of the external (basal)
Jamina, formed by the parasitized fibre (Bergmann and Kinder, 1975;
Gjerde, 1985¢c). An addftional external layer derived from the
endomysium, which is characterized by the presence of fibroblasts,
was not evident around the macrocysts.

Microscopic Cysts

Microcysts in the vesophageal and cardiac muscle of sheep from
the Transvaal and Natal had protrusions that were long, wide and
flattenad (r{bbon-11ke) (Figure 113}, In cross section, the
protrusions were 1,02 um wide and 0,16 pm thick. They were highly
folded with smooth, irreguiariy-shaped walls and were fi1led with a
granular materfal. In some micrographs of the wall {Figure 112),
the protrusfons were fewer, unfolded and appeared bar-shaped -
betng similar to S, ferovis from bighorn sheep Ovis canadensis (see
Dubey, 1983d), The cyst membrene was invaginated at intervals along
the length of the wall} seemingly in areas that did not give rise
to protrusions. The cyst wall was 0,21 pm wide and the thin layer
of ground substance formed septa which extended fnto the interior
of the cyst. Merozoites, which were not sectioned perfectly along
their length, measured approximately 6,83 um X 2,50 um. Saréocyst
protresfons {n & sheep from the Trarsvaal appeared wore numerous
and measured 0,76 pm x 0,27 pm in cross section {Figure 110}, In
cross section, the protrusions from the sheep cyst are not uniike
the flower- and bean-shaped protrusions of cysts from the impala A
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FIGURES 105 to 107: Ultrastructure of the cyst wall of the
macroscopic Sarcocystis species of the sheep Qvis aries. The
caulifiower-11ke protrusions have fnvaginated cyst walls and
contaln microtubular elements. A secondary cyst wall {SCW) adjacent
to the remnants of the host tissue, 1s evident in Figure 107. 106:
x22500; 106: x6000; 107: %3000, Fixative: glutaraldehyde,
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mglampus. In longitudinal section, however, the protrusions
appeared to be flattened and arranged in palisade~1ike formation
{Figure 111). Their morphology was characteristic of §. tepella
{syn. S. avicanis}, as i1lustrated <1d described by previous
authors. Therefore, it is 1ikely that the cysts found in sheep 1n . i}
the Transvaal and Natal are 3, tenella (syn. S, ovicanis). . : =y

$. tenella ("pyicanis"), according to Hehlhorn et al, (1976), or
had palisade~11ke protrusions which were closely adiacent and
approxfmately 3,5 pm in Tength. The ciose arrangemsnt of the
Frotrusions gave the wall a striated appearance by 1igit B
microscopy. The protrusions had no fibriiiar elements in their Y
granular material and had siightly invaginated bases, The ground
supstance beneath the cyst wall formed a narrow band 0,2-0,3 pm fn
thickness. Merozoites wers 14-17 pm 1in length {Mehlhorn and
Heydorn, 1978), Thick-walled sarcocysts in skeietal muscle of
shecp, examined by Bergmann and Kinder {1975), were 1ike $. tenetla N
{"avisanis") as 11lustrated by Mehlhorn et al. (1976). In 2 study
by Dubey et al. (1982) of the development of S, tenella in & sheep-
canid cycle, the cyst wall was found to be 1,5-0,2 pm wide and the
protrusions peasured 2,0-0,9 pm % 0,6-0,3 um, The merozoites vere .
7,22 pm x 1,67 am. Although the protrusion lengths as stated by
Dubey gt al, (1982) are shorter than these given by Mehlhorn gt al.
(1876}, the cysts are ultractructurally similar, The Jeagths of the
protrusions for the cyst from sheep referred to as $. tenella in
the present study, are approzimately 2,5 pm.

The protrusions of young cysts of S, tenella (“gvicants")
appeared cirgular in cross section whereas older cysts had
flattened or polygenal protrusions in cross section (Hehlhorn et
al., 1976), This would suggest that the cysts from sheep fn the
present study were mature, because if the protrusions become
flattened or poiygenal 1n older cysts, then in cross section they
would appear bar-shaped as 11lustrated fn Flgure 112,

These cross-sectional protrusions should not be confused with i
the protrusiens of a second typa of dog/sheep Sarcocystis species
{thin-walled), which are hair-like {see Bergmann and Kinder, 1975). |
The hatr-11ike pratrusions appear bar-shaped in cross section but
f are much smaller a% the same magnification, are much more numerous
and are 1rregularly arranged along the cyst wall. The dog/ovine




183

FIGURE 108: Uitrastructure of a peripheral cluster of merazoites fa
the macrascopic sarcocyst fram the sheep Dvis aries. The merozoites
{4) have prominent micronemes and posteriorly located nuclel (N).
X7500, Fixative: glutaraldehyde.

EIGURE 109: Witrastructure of the ground substance of the
macroscopic cyst from the sheep. The ground substance cantains
numerous, short, filamentous or rod-Tfke structures (R} with
granules which farm a dotted pattern along their )engths. x§000.
Fixative: glutaraldehyde.
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Sarcocystis species with hair-1ike protrusions occurs in South
Africa (J. B Bush, 1987, personal communication), 0'Donoghue gt
al. {1986) 11lustrated both thick-walled and thin-walled dog/sheep
sarcocystis species, The palisade-1ike protrusions of the thick-
walled cysts were smooth, and appeared to be flattened in
Yongitudinal section,

Hyositis associated with degeneration of muscle cysts in sheep
was studied by 0‘Toole (1987). Thick-walled cysts present from 42
days p.i., developad cyTindrical palfsade-11ike protrusions that
were 1,56 um x 0,45 pm at 60 days p.i. At 81 days p.i., the cyst
wall protrusions of non-degenerating cysts became associated with
numerous host cell mitochondris, Although the thick-walled
sarcocyst i1lustrated by the author is similar to the thick-walled
Sarcocystis spacies in the present study, no association b.tween
protrusions and host cell mitochondria was apparent in the latter.

The 1ife cycle and host specificity of a second dog-transiitted
species of sheep, namely 5.
(1985). Sporocysts were isolated and jnoculated into sheep, Two
febrile reactions were recorded in sheep: at 14-18 d.p.i. and at
23-33 d.p.i. These peaks of high temperature were assaciated with
schizogony. First generatfon schizonts were found in mesenteric
arteries and in the arteries of the mesenteric 1ymph nodes, Second
generation schizonts were present in endothelial cells in different
argans, particularly in cardiac and skefetal muscular tissue, on
days 26, 27 and 31 p.i. However, no schizonts were found in the
kidneys. Large doses of sporocysts proved fatal to lambs and sheep.
Cyst walls with hair-like protrusions (seen by 1ight microscapy)
were found after 56 dup.i. Sarcocysts were located in cardiac,
tongue, cesophageal and skeletal muscles. Merazoltes were found
within cysts on day 70 p.i. In mature cysts, the protrusions
measured 4,5-9,0 ym in length,

In the dog final host, microgametocytes and macrogametocytes
were fourd in epithelial cells and under the epithelium,
respectively, of the posterior half of the small fntes'{ne, 15-20
trs after infection. Sporulated sporocysts of S. arieti:anis (9,8~
10,5 pm x 15,0-16,5 jm) were shed in the faeces after 12 days p.i.
Sporocysts weve found not to be infective for cats or dwarf goats.

Hoydorn (1985) states that the results show that two different

arieticanis, was reported by Heydorn




: FIGURES 110 and 111: Ultrastructure of the cyst wall protrusians of
Sarcocystis of the sheep Ovis aries from the Transvaal. The
protrusions fn cross {Figure 110) and Yongitudina) {Figure 111)
section are wide, fiat and ribbon~1ike. The cyst wall is
invaginated to form teat-Tike structures between the bases of the
i protrusions. 110: x37500; 111: x37500. Fixative: glutaraldehyde,

) . FIGURES 112 and 113: Ultrastructure of cyst wall protrustons of
Sarcocystis of the sheep from Natal. Figure 113 suggests that the
protrusions are wide, flat and ribbon-like. However, in some
sections (Figure 112), the protrusions have a distinct bar- or
bean-shaped appearance. 112: x45000; 113: x30000.
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specles of Sarcocystis, both having the dog as a f4nal host, are
found in the musculature of sheep. Although e)ectron micrographs of
e the ultrastructural morphology of the cyst wall of 5. arieticanis
Lo ‘ were not presénted in the study by Heydorn (1985), the light
R microscopic description given of the protrusions sounds 11ke that
of the hair-1ike protrusions of the thin-walled cyst in sheep
t1lustrated by 0'Donoghue pt al. (1986) and Bergmann and Kinder
T {1975) and which has also been found in South Africa {J. B. Bush,
N . 1987, personal communication). It is possible that S, arigticanis
P is the same species of Sarcocystis as that having hairslike cyst
’ o wall protrusions at the efectron micrascopic level.
3 o Two morphologically distinct types of microcyst in British sheep
. were veported by 0'Toole gt al. (1986). Ons was described as 2
thin-walied cyst (1-2 pm) with widely spaced biconsave protrusions
that were 10-12 pm Tong. As the hair-Tike protrusions of thin-
walied cysts do appear biconcave in section, it is likely that the
thin-walled cyst type may represent the second dog-transmitted
species of sheep Sarcogystis i.e. §, arigticanis.

Erber (1982} studied the 1ife cycle of a thin-ws)led microscopic
Sarcocystis species (which he referred to as "§. tenella") in
sheep. Infected mutton {oesophagus and diaphragm) was fed to dogs,
which shed sporulated sporacysts {13,75-15,8 um x 9,7-10,8 um)
E after a prepatent peried of 8-13 days, depending on the number of
AR cysts ingested. Conventionally-reared lambs {4-6 months ald),
inoculated orally with sporocysts, developed & high fever on day 20
poivy which was follawed by ansemia, anorexia and paresis. At
death, on days 28 and 31 p,i. fn two lambs, petechia) haemorrages
of the internal body surface and seromucous fluid were apparent in
the abdominal and thoracic cavities. Immature sarcocysts were
Tocated at 50 d.p.i. On day 70 p.i., the characteristic hafr-11ke
protrusions of the thin.walled dog/sheep cyst measured up to 8 pm
in length, Fully mature cysts with numerous merozoites and a few
metracytes were found at 117 d.p.i. However, thick-walled cysts of
3. tenglla (“gyicanis") were also found in the tongue, oesophageal,
heart and skeletal muscles at 60 d.p.i, Although the size of the
sporotysts and the course of infection of the thin-walled
microscopic dog/sheep Sargocystis species in Yambs is aimost the
same as that of thick-walled 5. tenelly ("ovicanis*), Erber (1982)
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concluded that the former fs a separate species as the hafr-1fke
protrusions clearly distinguish 1% from 5. tenella ("avicanis”)
from day 60 p.i. onwards. Although there are differences in the
stages of parasitaemia and sporocyst size betwaen the thin-walied
microscopic dog/sheep Sarcocystis species studied by Erber (1982)
and 8. arieticanis (see Heydorn, 1985), both are described as
having cysts with hair-iike protrusions, and may be the same
species. I this 1s found to be the case, then the thin-walled
dog/sheep Sarcocystis species referred to by Erber (1982) would be
S, aristicanis, However, Erber {1982) suggested that the name S.
tenella should be retained for this second microscopic dog/sheep
Sarcocystis species, as 1t s well.-suited to the morphological
properties of the cyst, In that case, §, ovicanis would then have
to be considerad a separate species of Sarcocystis and not a
synonym of S. tenella, However, the matter, inter alia, of priority
in regard to scientific names would need fo be taken into account
{in the unlikely event of the suggested name changes proving to be
desirable).

Isoenzyme electrophoretic studies were carried out by Q'Donoghue
et al, (1986) on macroscopic cysts from sheep, cattle and mice, and
on microscopic cysts from sheep, cattle and yoats. Based on 18
enzymes, genetic and phenotypic differences were found between four
broad categories of cysts axamined; almost 87% fixed differences
were scored between the macrocysts from sheep, microscopic cysts
{1.e. 'S, tenella™, S, capracanis and 3. cruzi), macroscopic Sy
hirsuta and $, muris. Differences between the microscopic cysts
from sheep and goats {1.e, both thick- and thin-walled dog/sheep
Sarcocystis spacies, and §, capracanis) were less than 25%, but
both differed from S. cruzi in almost 50% of the scores. The
macroscopic §. gigantea cysts and the macroscopic S. medusiformis
cysts had less than §0% fixed differsaces between them The authors
stated that electrophoretic techniques can be used to characterize
and estimate the degree of genetic divergence between various

¥ Both thin~ and thick-walled microscopic dog/sheep Sarcocystis
spectes were provisionally referred to as "S, tenella® by
0'Donoghue gt al. (1986).
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Sarcocystis species, and to provide gepetic confirmation of the
taxonomic classification of species. The technique provides more
evidence to Justify the separation of morphologically dissimilar
species of Sarcocystis, in additfon to use of (more laborious)
cross-transmission studfes as criteria. Although the seven genetic
types found 1in the study correlated well with morphotypic
classifications, the degree of difference between the microscopic
dog/sheep Sarcocystis species and §. capracanis, being less than
28%, was cansidered {nsufficient evidence for thejr being separate
biological species. Thin-walled cysts from sheep, having been
pooled for alectrophoresis with thick-walled cysts of S. temeila
{syn. 8. evicanis) for the study, were found to have thin, hair-
1ike protrusions when examined ultrastructurally by the authors,
This cyst was ultrastructurally similar to thin-walled cysts from
sheep found by Bergmann and Kinder {1975) 1.e. the second
microscopic dog/sheep Sarcocystis species.

Ford {1986) reported differences in electrophoretic mobility for
seyen out of 12 enzymes, correlated with "fat® macrocysts (5.
glgantea) found mainly in the oxsophagus and "thin® macroscopic
cysts (S, medusiformis) found mainly {n the skeletal muscle of
sheep, This degree of difference validates the separation of "fat"
and "thin® macroscopic cysts from sheep as distinct species. Both
of these cyst types showed fiscenzyme differances from microscopic
cysts from cardiac muscle of sheep.

Conclusion

There appear to be at least four species of Sarcoeystis in
sheep: S, gigantea and S. medusiformis, both with macroscopie
cystsy the thick-watled microcyst, S, tenella {'S. oyicanis") and a
thin-walled microcyst, §. arieticanis,

V. E0ATS

Thin- and thick-walled sarcocysts of "3, capracanis" from goats
were exanined by Aryeetey et a). (1980).

The thick-walled cysts in heart, tongue, skeletal muscie,
diaphragn and brain had s stmilar structure to 5. tenella
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("oyicanis’) (see Mehlhorn gt al., 1976), but were blgger in width
(1,2 pm).

Sarcocysts found in the tongue had thia cyst walls (0,5+0,7 ym),
and protrusions (0,5 pm x 0,5 pm) similar to those of thin-walled
cysts described from sheep by Bergmann and Kinder {1975), The thin-
walled goat cyst was considered a second caprine Sarcocystis
species by Aryeetey et al. (1980) If this fs indeed the case, then
“S, capracanis® fs not the only Sarcocystis species in goats which
1s worphologically similar to a species found in sheep. Whether the
thin-walled cysts from goats are an identical species to the thin-
walled cysts from sheep (Bergmann and Kinder, 1975) requires
further investigation, fncluding cross-transmission experiments.

Another complication is the fact that both of these specles are
ultrastructurally similar to the cyst wall of §. cruzi of cattle
{see 111ustrations in Bttner, 1984), and to the bean-shaped
protrusions of cysts from the Tmpala {second type) feund in the
presant study,

A dog-transmitted Sarcocystis species of gosts was investigated
by Heydorn and Unterholzner {1983) which they named 5. hireicanis,
Although no ultrastructural study of the cyst wall was carried out
by the authors, 1t was described as haying fi1iform protrusions,
From 1ight micrographs, the protrusions appeared hajr-1ike and
measired 5,0-3,5 up in length, Cysts developed by sbout day 82 p.i.
in the heart, tongue, ocesophagus and striated muscle, and after 77
days p.d., fi1iforn protrustons appeared on the cyst wall.

Although no ultrastructural comparison of $, hircicanis <an be
made with the thin-walled cysts from goats illustrated by Aryeetey
st al. (1980) (and no comparison can be made with regard to
development as the thin-walled cyst was located by Aryeetey et al,
{1980) 1n a single anima} on day 118 p.i.}, 1t may turn out that
these twe thin-walled cyst forms are both S. hircicanis,

Despite the ultrastructural similarity between 5. gapracanis {or
one of the pessible two species for which this name s curreatly
used) and 5. tenella (syn. S. ovicanis), transmission experiments
have suggested that they may not be identical (see Aryzetey et al.,
1980). Heydorn (19@5), 1n fact, stated that desplte the
morphological similarity between Sarcocystis species of goats and
sheep, they are specific for their intermediate hests. He found
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that sparocysts of S. capracanis and S. hircicanis were not
infective for sheep.

Nevertheless, an electron micrograph of the developing cyst wall
of S. capracanis at 56 d.p.f. in the dissertatfon by Aryeetey
(1979) (1dentical te a micrograph in Aryeetey et a). (1980} for S.
capracanis on day 43 pd.) 1s similar to the developing cyst of S
tenella on day 58 p.i. (Dubey st al., 1982). An electron-derise core
at the proximal end of the protrusions in ipmature cysts of S,
tenella was also present in immature sarcocysts of 3. capracanis
{see Dubey et al., 1982), Palisade-like protrusions of $.
capracanis, examined ultrastructurally by Dubey et al. (1984) from
a goat killed 64 dup.is, were 2,47 yim X 0,5 um. in size. The cyst
wall was 16,2 nm thick and the protrusions centained a core of
microfiiaments, From the micrographs it appears that the
protrusions are thin, and similar to the longitudinal sections of
protrusions of the microcyst found in sheep fa the present study
(Flgure 111). Dubey et al. (1984) stated that thelr cyst was
structurally similar to those found by Fischer (1979) and Aryeetey
&t al. {1930). Except for minor varfations, the protrusions were
similar fn size at 64 d.p.f. to the palisade-Tike protrusions
observad by Aryeetey et al. (1980} at 6, 92 and 118 d.p.i.
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TABLE 5: Measur of sarcocyst From mitcrageapits of
varfous magaiflcations.

In most cases, the measurements were taken from micrographs of a
single cyst from a single anfmal.

Where more than one cyst of the same species of Sarcocystis was
maasured from the same animal, this is {ndicated by the number of
measurements given for cyst diameters for that specimen i Table 5.

In cases where more than one animal of the same species froma
particular reglon had the same kind of sarcocyst {based on
morphological structure), the I for the were
pooled ~ as indicated in Jable 5, where more than one specimen
number precedes 4 group of measurements.

Cysts were measured randomly and no selertion was made on the
basis of maturity and/or size. The number of measurements for each
component varies, and was dependent on the number and sultability
of the micrographs. It is assumed that the measyrements follow an
approximately "normal" distribution.

In Table 5, the number of measurements® (NO.} for each component
.{see component code key: C.} 1s stated and the sample mean (S.MN)
1s the mean value of all the measuremants for that companent.
Minfmum (MIN.) and maxinum (MAX.) values indicate the range over
which the measurements extended, The sample standard deviation
{5.5.0.) tndicates the interval on both sides of the mean within
which 68% of the measurements 11e,

Statistical analysis of the data, using Student's-t test based
on the sample mean, allowed datermination of a confidence interval
for the population mean {P.MN) at a 95% confidence Tevel. The
papulation mean {s the thecretical mean which would be obtained
from all possible measurements of one tomponent, with a 95%
probabil ity that 1ts value would 1le within the confidence
interval. In cases where mathematical calculations ylelded a
negativo value for the lower Timit of the confidence interval, it
was set equal to 0,00, as a 0% probability of the population mean

* The individual measurements for 211 the components are 1isted in
Appendix 7.




being a negative number was assumed. A confidence interval for the
population standard deviation (P.5.0.), based on the sample
standard deviation, was determined at a 95% confidence level using
the Chi-square test. The population standard deviation is the
theoretical standard deviation which would be obtained from all
possible measuretents of one component, with a 95% probabiifty that
its value would 1ie within the confidence interval.

The components of the cysts were measyred in mi)limetays, from
which the equivalent dimensions in micrometers {(um) were
calculated, ascording to the magnifications of the micrographs. A1l
measurements for the cyst components in Table 5 are stated in
micrometers {um).

In order to measure the sarcocyst diameters from semi-thick
sections on microscope s1ides, a magnification factor for an ocular
micrometer (graticule in eyepiece) was used. The magnification
factor was determined by calibration of a SM-Lux Leitz microscope
with the atd of a 0,01 interval stage scale,

KEY:

c. Gomponent code

. Number of measurements

RIN.  Minimun value

MAX.  Maxtmum value

S.MN Sample mean

§.3.0. Sample standard deviation

P.MN  Population mean at a 95% confidence level

P.S.D, Population standard deviation at a 95% confidence lavel

i
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COMPONENT CODE KEY {C.}:

Width of cyst wall including ground substance

Length of protrusions (longitudinal section: L.5.)"
Width of protrusions {L.5.)"

Longest measurement for protrusions (cross section: X.S.
Shortest measuremest for protrusions (X.5.)*"

Length of perozoites (L.5.)

Width of merozoites (L.5.)

Distance between the bases of puotrusions at cyst wall
Longest diameter of cyst in semi-thick sections {X.5.)**
Shortest diameter of cyst in semi-thick sections (X.5.)™
Length of cyst in semi-thick sections (L.S.)

Width of cyst in semi-thick sections (L.S.)

P A I Y

* Complete Tongitudinal sections of the protrusions were not
obtained in cases where they were convoluted-and/or not 1ying
perfectly in the plane of section (see also Figure 116 in Appendix
7). Measurenents for b and ¢ refer to the parts of the protrusions
visibly attached to the cyst bady in the wicrographs. A
Tongitudinal section of a protrusion which was not connected at its
base to the body of the cyst, was never measured, The reader should
refer to the appropriate Figures (micrographs) when consulting the
data in Table 5.

** In cases of perfectly circular cross sections of protrusions,
measurenents for d and e would be identical. Similarly, in cases of
perfectly circular cross sections of cysts, measurements for 1 and
J would be identical.

Ped




ORDER: RODENTIA
FAMILY: MURIDAR
SUBFAMILY: MURINAE

Spiny mouse Acomys spinosissimus

Region: Transvaai (Eastern}

Cyst Wall Morphology: Simple, invaginated cyst wall.

SPECIMEN NUMBER(S): TH 30578

C. NO. MIN, MAX. S.MN  S.5.D. PN P.S.D.

5 076 1,10 0,90 0,18 0,68 - 1,12 0,11 - 0,52
10 0,68 3,20 1,50 0,84 0,90 - 2,10 0,58 - 1,53
5 0,4 0,5 0,50 0,04 0,45 - 0,56 0,03 - 0,12
3 5,00 6,46 5,88 0.77 3,87 - 7,79 0,40 - 4,81
3 1,50 1,80 1,64 0,15 1,26 - 2,02 6,08 - 0,95
1 325,0
1 175,0

Note: Measurements for the lengths (b) and widths {c) of
protrusions are for the tooth-1ike undulaticns or "protrusions" of
the primary cyst wall and ground substance. .

Hultimammate mouse Praomys natalensis .
Region: Transvaal {Eastern) o -

Cyst Wall Morphology: Simple, frvaginated cyst wall.

_SPECIMEN KUMBER(S): TM 30557

Co NO.MIN. WAX. SN S.5.0. X P50 a
a 5 0,46 0,50 0,88 0,02 0,46 - 0,49 0,01 - 0,04 ; Y

£ 5 4,67 5,40 5,09 0,34 4,67 -552 0,20 - 0,98 “
g 5 1,0 2,00 1,62 0,26 1,00 -1,9 0,16 - 0,7 o

1 42,5 )

i1 42,5
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