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Summary. Twelve dogs were red mutton containing small sarcocysts, and killed 1, 3, 4, 
6, 7, 10, 15, 16, 17 days after infection (DAI). Beginning 13-15 DAI sporocysts 14.7 x 9.0 tzm 
were passed in the faeces of the dogs killed 15 17 DAI. HistologicM examination showed 
that developing stages were most numerous in the subepithelial tissue at the tips of villi 
in the proximM third of the small intestine. Macrogametes containing tiny PASS- granules, 
and microgametocytes with peripheral developing microgametes were present 1 DAI. By 
4 DAI oocysts, with a small nucleus and vacuolate cytoplasm were seen. Sporulation was 
observed 7-10 DAI. The first nuclear division resulted in 2 polar nuclei which divided laterally, 
resulting in 2 sporocysts each with 2 polar nuclei. This process was repeated once more to 
produce 4 nucleated sporozoites in each of 2 sporocysts. PAS-]- granules were seen at the 
periphery of sporulating oocysts and sporocysts. There was a large PASS: granule in the mid 
zone of sporozoites, with a smalter granule at orte tip. Numerous sporulated sporoeyst pairs 
were present beneath the epithelium at the tips of villi in dogs killed during pateney. 

Four lambs were inoculated orally with sporoeysts passed by dogs following feeding of 
infeeted mutton. Fifteen DAI schizonts were seen in the endothelium of arteries and arterioles 
in many organs, but not braia. Twenty-four DAI, smaller schizonts were seen in capillary 
endothelium in many organs, including brain. The two other lambs died 42 and 104 DAI, 
after an illness charaeterized by anaemia and ill-thrift. Mature schizonts were found in eells 
in the brain 42 DAI, associated with nonsuppurative meningoeneephMitis. Developing 
sarcocysts were found in muscle, assoeiated with myositis. Sareocysts in muscle 104 DAI 
»vere mature. In the brain there were degenerate cysts and mäture sarcocysts, and non- 
suppurative meningoeneephMitis. 

Introduct ion 

I n  1970 Fayer  was ~ble to demonstr~te the probable coccidiM na ture  of 
Sarcocystis by the use of tissue cultures, and  later (Fayer, 1972) he s tudied game- 
togony of this org~nism in  vitro. A number  of workers have subsequent ly  reported 
the relat ionship between the consumpt ion  of meat  of cattle, sheep and  pigs 
contMning sarcocysts, and  the appearance of Iso~pora-like oocysts or sporocysts 
in  the faeces of dogs, cats and  man.  (l%ommel, I t eydorn  and  Gruber,  1972; 
Heydorn  and  Romme], 1972a; Rommel  and  Hcydorn,  1972; Mahrt,  1973). 

* Current Address: Department of Pathology, Ontario Veterinary College, Guelph, 0ntario, 
Canada, N1G 2W1. 

8 Z. Parasitenk.,  :Bd. 46 



112 B.L. Munday et al. 

Heydorn  and t~ommel (1972b) described the deve lopment  of oocysts in the 

lamina propria  of villi in the small intest ine of eats red large sarcocysts isolated 

from bovine oesophagus, and reeent ly the  u l t ras t rue ture  of ooeysts and sporocysts,  

developing in the lamina propria  of small intest inal  villi of eats red large sareoeysts 

from sheep oesophagus, has been studied (Mehlhorn and Seholtyseek, 1974). 

Faye r  (1974) has i l lustrated the gamonts  and the sporogony of oocysts developing 

in the  small intest ine of dogs red Sarcocystis-infected beeß. 

Schizogony in a va r ie ty  of Organs, the  deve lopment  of sarcoeysts in muscle, 

and the  potent ia l  pa thogenic i ty  of heavy  infeetions have  been deseribed in eat t le  

red sporocysts reeovered from canine faeees. (Fayer  and Johnson,  1973, 1974). 

We have  been involved  in work defining the existence of separate cat-sheep 

and dog-sheep eycles of Sarcocystis (Ford, 1974; Munday and Corbould, 1974; 

Munday and Rickard,  1974). Deseriptions of gametogony  and sporogony of 

organisms in the intest ine of dogs red sheep mea t  eontaining sarcocysts, and oB 

asexual stages and associated pa thology in the tissues of sheep red sporoeysts of 

eanine origin, are presented here. 

Materials and Methods 

Dogs. Thirteen young dogs raised without access to raw meat were individuaIly caged. 
Faecal flotation with 40 % w/v sucrose solution or saturated sodium nitrate solution (specific 
gravity 1.36) revealed occasional oocysts of Isospora rivolta or Isospora canis in some dogs. 

Eleven of these dogs were ied mutton (oesophagus, abdominal muscle, heart or diaphragm) 
from aged sheep slaughtered in abattoirs in the Launceston or Melbourne areas. Samples of 
mutton were usually fixed, seetioned and examined mieroscopically to confirm the presence 
of microscopic sarcoeysts. In some eases macroscopic sarcoeysts were also present. Mutton 
was coarsely minced and dogs were usually red it over a period of 3 10 days or until prior 
killing. The twelfth dog was red on mutton from two sheep obtained from Trefoil I. in Bass 
Straft, which has no cats. This meat was examined both grossly and microscopically and 
was found to have no maeroscopie, but numerous microscopic, sarcoeysts. The remaining 
(eontrol) dog was fed dog pellets, and was kept in the same room as two of the dogs killed 
15 days after infection (DAI). 

Faecal flotations were examined daily nntil the dogs were killed, with the exeeption of 
the control dog which was ehecked until the equivalent of 34 DAI. During the eourse of 5 
separate experiments single dogs were killed l, 3, 4, 6, 7, 10, 16 and 17 DAI while 4 dogs 
were killed 15 days after first eonsuming infected mutton. 

Sections of small intestine were removed at 6 approximately equivalent intervals between 
the loylorus and ileocaeeal valve immediately after the death of 5 dogs. In another 7 dogs 
tissues were reeovered from the duodenum 20 30 cm below the pylorus. Brain, liver, kidney, 
lung, mediastinal and mesenterie lymph node and in some eases, stomach, were also taken. 
Tissues were fixed in Bouin's solution or 10% formal saline, embedded in paraffin wax and 
seetioned at 6 tzm. Sections were subjected to routine procedures for staining by haematoxylin 
and eosin or periodic acid-Schiff (PAS). Scrapings of fresh mucosa were also examined on a 
mieroscope fitted with a warming stage (37°C). 

Lambs. Three lambs were removed Irom their datus at birth and red an artificial milk 
replaeer for 48 hours, after whieh they were returned to the ewes and allowed to suck. A 
further three lambs were allowed to suck their dams from birth. All lambs were free of 
Sarcocystis antibodies immediately prior to dosing the four inoculated animals. 

When they were 28 and 42 days old respectively, two of the lambs reared entirely on their 
mothers were infected with 500000 and 200000 sporoeysts passed by a dog whieh had been 
red mutton from a sheep originating on Trefoil I. They received intramuscular dexamethasone 
injections 1 (2 mg/day) for 11 days before and 10 days after infeetion. One of these lambs 

1 Dexadreson, Intervet (Aust.) Pty.Ltd. 
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died of nutritionM museular dystrophy 15 DAI. The seeond was killed 24 DAI. The third 
lamb was a negative control used in other work, held in association with the other two animMs, 
and killed 30 days after they were infected. 

Two of the 3 colostrum-deprived lambs, 7 and 11 days of age, »vere red large numbers 
(unqu~ntified) of sporocysts passed by a dog which had been red mutton containing macro- 
scopic and microscopie sporocysts. One animal died 42 DAI. Muscle biopsies were taken 
monthly from the uninoculated control and the other inoculated lamb, which died 104 DAI. 

Blood samples were taken from experimental lambs at birth, and subsequently weekly, 
for detection of antibodies against Sarcocystis and Toxoplasma gondii (Munday and Corbould, 
1971, 1974). lV[uscle biopsies and tissues obtMned from lambs at death (skeletal muscle, 
myocardium, diaphragm, oesophagus, brain, lung, liver and kidney) were fixed in 10% 
formal saline and processed for light microscopy as described above. 

Measurements were made with a cMibrated eyepiece micrometer on a Reichert Zetopan 
microscoloe using an oll immersion objective. 

Results 

Dogs [n]ected with Mutton Containinff Sarcocysts. Beginning 13-15 D A I  all 
6 dogs ki l led more t h a n  l0  days  af ter  the  f irst  feed of infected m u t t o n  passed 
sporocysts  which were abou t  14.7 ×9 .0  ~tm and  contMned 4 sporozoites  and  a 
compac t  g ranu la r  res idual  body.  There  was no s t ieda body,  and  sporoeysts  were 
oßten s l ight ly  f l a t t ened  on one side. The one control  dog d id  no t  pass oocysts  or 
sporocysts  of any  t y p e  up unti]  observa t ions  ceased 34 DAI .  

Paras i t es  were found in the  immed ia t e ly  subepi thel ia l  ]amina p ropr i a  in the  
distM half  of villi  in sections of small  in tes t ine  of all  dogs red m u t t o n  except  for 
the  animM ki l led 3 DAI .  I n  the  5 animals  in which d i s t r ibu t ion  along the  in tes t ine  
was examined ,  organisms were most  common in t issue from the  anter ior  th i rd  oB 
the  intest ine,  Mthough they  were seen in the  4 more  distM samples.  

I n  the  dog ki l led 1 DAI ,  gamonts  were observed in pa ras i tophorous  vacuoles 
a t  the  level of the  basal  l amina  of the  epi the l ium near  the  t ips  of villi. I t  was 
diff icult  to de te rmine  if t h e y  were wi th in  hos t  cells, and  organisms in PAS-  
s ta ined  seetions occasionMly appea red  to  be on the  lumenM side of the  basal  
lamina,  be tween enteroeytes .  Others  were def in i te ly  wi th in  the  lamina  propr ia ,  
ad j aeen t  to  a erescent -shaped host-eell  nueleus. Maerogametes  var ied  from abou t  
4.2 [xm in d iamete r  up  to  bodies abou t  5.6 × 4.2 ~tm (Fig. 1). They  »vere i r regular  
in shape,  and  had  a basophi l ie  nueleus lying wi th in  a mode ra t e ly  basophil ie  
ey toplasm.  Some had  pale-s tMned areas or vaeuoles in the  eytoplasm,  par t i -  
eular ly  near  the  pe r iphery  (Fig. 1). E x t r e m e l y  small  per iodie  aeid-SehiIf  posi t ive  
(PAS @) granules  or masses of granules were sea t te red  t h roughou t  the  cy top lasm 
of some maerogametes  a t  this  t ime  (Fig. 2). 

Mierogametoeytes  were ve ry  diff ieult  to iden t i fy  wi th  eer ta in ty .  I-Iowever, a 
p ropor t ion  of the  gamonts  formed a popu la t ion  d i s t ine t  from maerogametes  in 
t h a t  t h e y  wëre larger,  and  more  elongate  (about  7.0 ×4 .2  ~m) with  basophi l ie  
ma te r i a l  sea t t e red  i r regular ly  th roughou t  and  a round  the  edge of the  cy top lasm 
(Fig. 3). I~are gamonts  had  a small  pMe eentra l  area  wi th  ~ number  of basophil ie  
bodies a round  its margin,  eonsidered to  be nuelei  peripherMizing a round  the  
eentra l  res idual  body  of a mie rogametoey te  (Figs. 4 a, 4 b). OeeasionMly pro t rus ions  
from the  marg in  of such organisms were observed,  poss ibly  the  flagella of miero- 
gametes  (Figs. 4b ,  5). I n  a fresh mueosal  seraping from this  dog a single spherieal  

8* 
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Figs. 1--12. Stages in small intestine of dogs fed Sarcocystis-infected mutton 
Fig. 1. Macrogamete at the base of the epithelium in dog small intestine 1 DAI. Note the 

central aucleus and several peripheral vacuoles in the cytoplasm. H & E. × 3800 
Fig. 2. Macrogamete with PAS+ granules in the peripheral cytoplasm 1 DAI. PAS. × 3600 
Fig. 3. Mononuelear gamon~, probably macrogamete (~L) and more elongate gamont with 
irregular basophilic material throughout and around periphery of cytoplasm, possibly a 

microgametocyte (Mi) 1 DAL H & E. x 2100 
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body about  8 ~zm in diameter with peripheral granules and numerous rapidly 
undulat ing Ilagella was observed and interpreted as a mierogametoeyte.  

I n  the dog killed 4 D A I  morë advaneed maerogametes,  with a eentral densely 
basophilie nueleus and pale basophilie eytoplasm eontaining numerous marginal 
vaeuoles, were observed, and these evolved to ooeysts. Ooeysts »vere ovoid, and 
about  11.2×9.8 ~zm with a small basophilie nueleus and vaeuolate eytoplasm 
(Fig. 6). They  were surrounded by  a distinet eosinophilie wall, whieh frequently 
was erenated and wrinkled in seetions. Ooeysts whieh »vere forming an ooeyst wall 
orten appeared to have eosinophilie polar "eaps" (Fig. 7). Vaeuoles eontaining 
ooeysts »vere up to 14 × 9.8 ~m and ooeysts m ay  have shrunk during proeessing. 
I n  PAS-stained preparations, developing maerogametes had t iny  PAS ~ granules 
seattered among peripheral vaeuoles. PAS-~  granules »vere more numerous in 
ooeysts. Mierogametoeytes resembling those deseribed 1 DAI  were seen, but  were 
eonsidered to be related to the eontinuous ingestion of infeetious material. 

Organisms were few in the dog examined 6 DAI,  and »vere developing maero- 
gametes and ooeysts like those seen 4 DAI.  

At  7 D A I  ooeysts in the subepithelial tissues were in the proeess of sporulation. 
Ooeysts with a single l~asophilie nueleus, and a eytoplasm paeked with a mass of 
vaeuoles in an eosinophilie matrix,  were about  12.6-14.0 ~zm × 8.4-9.8 ~zm. They  
eompletely filled the parasi tophorous vaeuole. The first sporulation division 
resulted in an ooeyst with 2 densely basophilie nuelei, at  opposite poles of the 
eytoplasm (Fig. 8). These nuelei then appeared to divide, aeeompanied by sehism 
of the eytoplasmie mass into two portions. The result was two sporoeyst pro- 
genitors, eaeh with 2 polar U-shaped nuelei (Fig. 9). I n  some eases this seeond 
nuelear division appeared to l~e followed almost immediately by  a third division 
(Fig. 10) followed by a separation of the eytoplasm within sporoeysts. This 
stage was the most  advaneed seen 7 DAI ,  and such organisms had 2 distinet 
sporoeysts, eaeh eontaining 2 separate elongate masses of vaeuolate eytoplasm 
with 2 nuelei at  opposite poles. 

Fig. 4a. Probable early mierogametoeyte with small basophilie nuelei surrounding a eentral 
pale-staining mass in the eytoplasm 1 DAI. 14 & E. × 2300 

Fig. 4b. Probable mierogametoeyte, with eentral residuum, peripheral nuelei and projeetions, 
possibly flagella, into the parasitoFhorous vaeuole. 1 DAI. H & E. × 1700 

Fig. 5. Probable mierogametoeyte with basophilie margin and projeetions, possibly miero- 
gametes, into the parasitophorous vaeuole 1 DAI. H & E. × 2300 

Fig. 6. Developing ooeyst with eosinophilie wall, vaeuolate eytoplasm and single nueleus 
4 DAI. I-I & E. × 1700 

Fig. 7. Developing ooeysts with eosinophilie polar eaFs 4 DAI. 14 & E. × 1600 

Fig. 8. Ooeyst after first nuelear division of sporogony. 7 ]DAI. H & E. × 1600 

Fig. 9. Two ooeysts; the lower one has undergone the seeond nuelear division of sporogony 
and the eytoptasm has divided to produee 2 sporoeysts, eaeh with 2 polar U-shaped nuelei. 

H & E .  ×1600 

Fig. 10. Ooeyst eontaining 2 sporoeysts. Nuelei in the lower pole of eaeh sporoeyst appear to 
be undergoing the third nuelear division of sporogony. H & E. × 1600 
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In  some instances the sporocyst wall appeared as a clear, yellow, crinkled 
membrane. P A S +  granules, in some cases large and tending to obscure the 
cytoplasm, were scattered throughout the cytoplasm and at the margin of un- 
sporulated oocysts, and around the periphery of sporocysts in oocysts undergoing 
sporulation (Fig. 11). Similar stages were observed in the dog killed l0 DAI. 

In  dogs with patent  infections (15-17 DAI) all stages of oocyst formation and 
sporulation were seen. Thir ty fully sporulated sporocysts in 15 pairs in villi in 
fresh mucosal scrapings from one animal were 14-15.¢×7.7-11.2 (mean 14.7 × 
9.0 ~m). Sporocysts now contained 4 falciform sporozoites each with a small 
polar and larger central mass of PAS ~- granules (Fig. 12). These was also a central 
basophilic nucleus. Sporocysts usually seemed related in pairs, but it was difficult 
to determine if an oocyst wall was still intact or if the organisms were intracellular. 
They usually appeared not to be. In  some animals sporocysts were extremely 
numerous, particularly beneath the epithelium at the extreme tips of the villi. 

There appeared to be no cellular reaction to the presence of the parasites in 
the intestine. No schizonts were found in the intestine, nor were any protozoon 
organisms observed in extraintestinal tissues. 

Sheep ln]ected with Sporocysts /rom Dog Faeces. In  the lamb which died 15 
days after ingesting sporocysts, schizonts containing submature merozoites were 
observed in the endothelium of small arteries and arterioles and occasionally 
capillaries, in mesenteric lymph node, skeletal muscle and heart (Fig. 13). These 
schizonts were about 17-35 ~m in diameter. No schizonts were seen in brain. In  
the endothelium of a vessel in the mesenteric lymph hode, a large basophilic 
mononuclear organism resembling a metrocyte was seen (Fig. 14). 

Twenty-four days after infection small schizonts containing submature or 
mature merozoites were seen in the endothelium of terminal arterioles near the 
glomerulus, or in glomeruli (Fig. 15), in hepatic sinusoids, in lymph hode, capillaries 
in skeletal muscle, and in small vessels and capillaries in the spinal cord, meninges 
und brain (Fig. 16). Most schizonts in glomeruli were small, about 6-10 ~m in 
diameter, but several immature schizonts were elongate, up to 30 × 10 ~m. In  
capillaries in muscle, schizonts were about 10 ~m in diameter, while in brain 
they measured 11-14 ~m. No organisms were found at 30 DAI  in the control lamb. 

The two lambs infected for longer periods died 42 und 104 DAI, following an 
illness characterized by anaemia, weakness and poor growth. At no stage did 
their sera contain antibody to Toxoplasma gondii, but both developed comple- 
ment-fixing antibody against Sarcocystis 5 und 6 weeks after infection respeetively. 
Developing sarcoeysts were present in musele of the lamb whieh died 42 DAI. 
They were about 50 × 10 ~m, and contained ovoid young zoites. The cyst wall 
was extremely thin, being barely discernable under the light microscope. There 
was non-suppurative myositis in skeletal musele, myocardium, and oesophageal 
and tongue muscle. Small sehizonts, containing mature merozoites, were present 
in swollen host eells (possibly glial eells or capillary endothelium) in the brain 
(Fig. 17). There was a non-suppurative meningoeneephalitis charaeterized by 
meningitis, perivascular euffing and focal gliosis. 

In  a muse]e biopsy taken from the fifth lamb 60 DAI, developing sarcocysts 
similar to those observed 42 DAI  were seen (Fig. 18), whereas no sarcoeysts were 
found in a biopsy taken from the control lamb at  the same time. At death, 104 



Fig. 11. PASS- material  around the  periphery of sporooysts and in sporozoites in sporulating 
ooeysts. PAS. × 1600 

Fig. 12. Large PAS@ aggregate in middle and smM1 PASS- granule ~t tip, of sporozoites in 
fully sporulated sporoeyst. 17 DAI. PAS. × 1600 

Figs. 13--22. Organisms in sheep inoeulated with sporocysts of eanine origin. H & E 

Fig. 13. Develoloing schizont in endothelium of ~ small ar tery in skelet~al muscle 15 DAI. 
× 1300 

Fig. 14. Developing schizont (lower) in endothel inm of an  ~rteriole in mesenteric lymph hode. 
Above is a large basophilic mononuclear org~nism resembling a metrocyge. 15 DAI. ×930 

Fig. 15. Schizont (arrow) in glomerulus of lamb killed 24: DAI. × 1200 

Fig. 16. Schizont (arrow) in endothel ium of a smM1 vessel in the brain  24 DAI. × 1700 



Fig. 17. Schizont, containing mature  merozoites, in endothelium of a cerebral capillary 42 DAI. 
× 1600 

Fig. 18. Sarcocyst developing in skeletal muscle 60 DAI. A cyst wall is not  diseernable, x 620 

Fig. 19. Mature sarcocysts in muscle 104 DAI. Note the transversely str iated basophilic cyst 
wall. × 425 

Fig. 20. Non-supl0urative encephalitis in the braln of the lamb which died 104 DAI. There is 
perivaseular euffing, gliosis, and a large sareoeyst (arrow) visible. × 110 
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dl" 

Fig. 21. Degenerate cyst surrounded by glial cells in the brain 104 DAI. × 600 

Fig. 22. Sarcocyst developing in ovine brain 104 DAI. Note the peripheral eells resembling 
metroeytes. × 870 

DAI, there was myositis resembling that  seen 42 DAI, but the sarcocysts, which 
»vere numerous throughout the skeletM muscle and myocardium, were mature 
(about 200 × 40 ~m) with elosely paeked zoites, a transverse lamellar pat tern and 
a thiek, transversely striated, basophilic eyst wall (Fig. 19). There was extensive 
non-suppurative meningoencephalitis in this lamb (Fig. 20), assoeiated with the 
presence of large (up to 50 Bin) degenerate eysts, surrounded by a halo of glial 
eells (Fig. 21), and sareocysts up to 100 × 25 Bin, with peripheral metroeytes and 
eentral zoites (Fig. 22), and in some eases, a tmnsversely striated cyst wall. 

Discussion 

Work delineating the definitive-intermediate host relationships of the sar- 
cocysts found in sheep has been reported elsewhere (Munday and Rickard, 1974). 
This demonstrated the independent existence of a cat-sheep cycle of Sarcocy8ti8 
involving large slow-growing macroscopic cysts in the sheep, and a dog-sheep 
cycle producing microseopic, more rapidly infective sarcocysts in ovine muscle. 
I t  is this latter cycle previously demonstrated by Ford (1974) and Munday and 
Corbould (1974) which we deseribe here. There is no evidence that  the ovine 
Sarcocystis with a feline definitive host is capable of producing sporocysts in 
dogs, and we did not eliminate the possibility of feeding such cysts to dogs in 
the eurrent experiments. 

The loeation and general morphogenesis of stages we have described in the 
intestinal villi of the dog resemble those found in cats fed eysts in bovine musele 
(Heydorn and •ommel, 1972b), eats red cysts from ovine musele (Mehlhorn and 
Scholtyseck, 1974) and dogs Ied bovine eysts (Fayer, 1974). However, neither 
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Heydorn and Rommel (1972b) nor Fayer (1974) observed mierogametocytes, in 
the latter case perhaps because the first observation made was 48 hours after 
administration of a single inoculum. Fayer (1972) had previously demonstrated 
that  microgametocytes in tissue eulture were identifiable 24 hours after infection 
and mature at 30 hours. The organisms whieh we eonsider to be mierogametocytes 
(Figs. 3, 4a, b, 5) were present 24 hours after infection, and the most advanced 
stages observed (Figs. 4b, 5) may not have been mature, although their small 
size renders interpretation of sections diffieult. The dog killed 1 DAI had never 
passed oocysts of any type, so it is improbable that  these organisms were other 
than Sarcocystis. 

The morphology and development of macrogametes resembles, except for 
minor differences in size, that  observed by Heydorn and Rommel (1972b) and 
Fayer (1974). However, we saw small PAS + granules in the cytoplasm of maero- 
gametes at 1 DAI (Fig. 2) while in the cat such granules were first observed 
3 DAI (Heydorn and Rommel, 1972b) and in the dog infeeted wich cysts of 
bovine origin they were seen first 5 DAI. 

Bodies considered to be ooeysts, in that  they had a complete eosinophilie 
wall, were present 4 DAI. The eosinophilie "caps" seen here, and by Heydorn 
and Rommel (1972 b), but not by Fayer (1974), are thought to be assoeiated wich 
the formation of the oocyst wall. Oocysts were first found in cats 4 DAI (Heydorn 
and Rommel, 1972b) but in dogs infeeted with bovine eysts, macrogamonts 
comparable to those termed "ooeysts" here were not seen by Fayer (1974) until 
6 DAI. He thought that  the PAS-~ granules in the cytoplasm of the developing 
maerogamete were associated wich formation of the oocyst wall, but our obser- 
v»tion of such granules as early as 1 DAI and their persistence in sporozoites in 
fully sporulated organisms, may indieate that  they are polysaceharide granules 
involved in energy storage. Vetterling et al. (1973) observed a few such granules 
during ultrastructural examination of Sarcocystis macrogametes grown in tissue 
culture, but did not comment on their presence in ooeysts. Eleetron microseopic 
examination will be needed to define the genesis of the oocyst wall in organisms 
in the intesCine. 

Our interpretation of sporogony may differ slightly from that  implied by 
Fayer (1974), who reported the existence of nninucleate sporocysts. This may be 
an artefact as a result of plane of section, since we consider that  the cytoplasmic 
division resulting in two sporocysts occurs after a primary nuclear division pro- 
ducing an oocyst with 2 polar nuelei (Fig. 8) and is simultaneous with a cleavage 
of these nuclei, resulting in 2 sporoeysts each with 2 polar nuclei (Fig. 9). These 
sporoeyst nuelei are frequently U-shaped (Fig. 9) as observed by Mehlhorn and 
Scholtyseck (1974) and in some eases they appear to be dividing again shortly 
after sporocyst formation (Fig. 10). At 7 DAI some sporoeysts in pairs contained 
2 cytoplasmie bodies wich a nucleus at eaeh pole, and presumably the cytoplasm 
in each of these Subsequently divides to form uninuelear sporozoites. 

I t  was not possible to determine if organisms were within hose cells at all 
stages, though Che ultrastruetural study of Mehlhorn and ScholCyseck (1974) 
suggests that  they may be, and the identity of host cells is unknown. In mueosal 
scrapings 15 DAI sporocysts always appeared to be in pairs, unlike Fayer 's 
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(1974) observation of sporoeysts in separate vaeuoles or as widëly sëparated 
individuals. 

Our observations on lambs infected with sporocysts passed by dogs after 
mut ton feeding indieate tha t  two cyeles of sehizogony may exist, sinee the schi- 
zonts found in the lamb 15 DAI  had a different distribution (mainly endothelium 
of arterioles, not in brain) than the smaller, more numerons, sehizonts found 
24 DAI (mainly in eapillaries, ineluding brain). During the early phases of in- 
feetion after inoculation with faecal forms of Sarcocystia, other workers have 
found sehizonts in muscles and brain of mice (Wallaee, 1973) in eapillaries and 
sinusoids in numerous organs of eattle (Fayer and Johnson, 1973, 1974) and 
eapillaries in muscle of rats (Rzepezyk, 1974). Whether  stagës in arterioles are 
present early in infeetion of speeies other than sheep is unknown. 

Fayer  and Johnson (1974) also observed metroeyte-like eells in endothelium 
at the same time tha t  sehizonts were present. 

Developing sareoeysts seen in musele 42 and 60 DAI  differed from those 
observed at about the same time in ealves (Fayer and Johnson, 1974) in tha t  they 
laeked a distinet eyst wall. The infeetion in sheep also differed during the later 
stages from tha t  in cattle, sinee degenerate eysts and bodies eonsidered to be 
sareoeysts resembling those in musele (Figs. 20, 22) were found in the brain 
104 DAI. In  ealves after 40 DAI no sehizonts or sarcoeysts were found in non- 
muscular tissues (Fayer and Johnson, 1974). Eren  so, this finding is not un- 
expeeted as mature sareoeysts are found in the brains of a small percentage of 
sheep and cattle examined by veterinary pathologists (Munday, unpublished; 
Hart ley and Hooper, përs. eom.). 

We believe tha t  lambs which died at  42 and 104 DAI were suffering from a 
diseasë induced by sareosporidial infeetion loealized mainly in the museles and 
eentral nervous system. Wallaee (1973) observed myositis in miee before the 
appearanee of sarcoeysts in muscle, 8 mice beeame overtly ill, and 4 died. The 
signs deseribed by Fayer  and Johnson (1973) in ealves dying after inoeulation of 
sporoeysts ineluded anaemia, anorexia and eaehexia, similar to those we saw in 
the lambs. Also 3 rats infeeted by Rzepezyk (1974) with sporoeysts from a carpet 
python died or were killed when ill. 

The syndromes observed in mice, cattle and rats seem to be associated with 
sehizogony and one of our lambs died at the end of this phase (42 DAI). Lympha-  
denopathy was a feature of the disease in ealves (Fayer and Johnson, 1973) and 
rats (Rzepezyk, 1974), but neither author eommented on myositis and encepha- 
litis, the predominant findings in fatal infeetion in the lambs. I t  seems possible 
tha t  Dalmeny disease in cattle (Corner et al., 1963) and the disease affeeßing a 
ealf deseribed by Lainson (1972) were due to Sarcocystis infeetion. The condition 
produced here in lambs had eertain features in common with naturally-oecurring 
protozoan infeetions deseribëd in sheep by Hart ley and Blakemore (1973) and 
McErlean (1974), especially in regard to the involvement of the central nervous 
system and the presenee of sehizonts and stages resembling sarcoeysts, whieh 
were present in the affeeted tissues described in both these reports (W. J. Hart ley,  
pers. com.). 

The development of stages, in both the definitive and intermediate hosts, of 
the Sarcocystis speeies involved in dog-sheep and dog-eattle eyeles is similar, 
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sporocysts are about  the same size, and  the prepatent  period is approximäte ly  
the same. The possibility of the existenee of a single speeies of Sarcocystis with 
sexual stages in the dog and  asexual stages in the sheep and  ox is at t raet ive.  
The main  differenee between Fayer ' s  (i974) observations on sexual stages in 
dogs, and  ours is t ha t  gamonts  and  ooeysts in dogs inféeted using m u t t o n  were 
most  numerous  in the anterior  small intestine,  while in dogs infeeted with heer, 
they were more eommon in the posterior small intestine. However, detailed eross 
infeetion trials, eurrent ly  underway  (Riekard and Munday,  unpublished) will be 
required to define possible interrelat ionships among eyeles of Sarcocystis involving 
dogs and  eats as definitive hosts and  sheep and  eattle as in termediate  hosts. 
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