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Veterinary Institute, Oslo. The sections from the foxes were 
obtained. from the Regional Veterinary Laboratory i111 Bergen. 
Liver sections from mice 1inoc:ulated intraperitoneally or sub­
cutaneously with the RH-strain of T. gondi:ii, served as posi1tive 
controls. 

Ence phalitozoonosis 
The cases of suspected encephalitozoonosis included young 

blue foxes and a rabbi.it (Table 1) in which Encepha1itozoon-'llike 
structures were sta:iined by the modified Gram method (Petri 
1969). The positiove controls were s.pontaneous cases exhibiting 
a great number of parasites, whiich were ide111ti1f:ied on the baslis 
of ultrastructural criteria in material fixed immediately post 
mortem in 3 % buffered glutaraldehyde. 

T a b l e 1. Case material. 

Case Host 
no. species 

Year of 
necropsy 

Toxoplasma-like parasites 
1 Cat 1968 
2 Cat -84 
3 Dog -67 
4 Blue fox -84 
5 " " -84 
6 Hare -80 
7 " -80 
8 -80 
9 -82 

10 " 
-82 

11 -82 
12 

" -82 

Encephalitozoon-like parasites 
13 Blue fox 1982 
14 " " -82 
15 " " -82 
116 " " -82 
17 " " -78 
18 Rabbiit -78 

Immunoperoxidase methods 

Immunoperoxidase 
studies 

Brain 
Myocardium, liver 
Brain, spinal cord 
Kidney, lung 

" " Liver 

" 

" 
" 
" 

Brain, kidney 
Brain, ki1dney 
Kidney 

" 
" 

Electron 
microscopic 
studies 

Brain 
Myocardium 
Spinal cord 
Kidney 

Liver 

Liver 

Kidney 
Brain 

The specific rabbi-t anti-Toxoplasma serum, produced by 
inoculation of endozoites (tachyzoites) of the RH-strain, was 
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illlcubated for 30 min with pero:xiidase conjugated biotin-aviditn 
complex. The sections were then washed in PBS and Tris-maleric 
buffer and substrate solution was applied. 

Control sections were iJncluded in whi:ch the primary rabbit 
antiserum was replaced by normal rabbit serum. 

Ultrastructural studies 
Tissue from most of the cases (Table 1) was prepared for 

electron micros.copy. A small piece of tissue, corresponding to 
an area containing parasitic structures in the light microscopic 
sections, was cut out of the paraffin block. The tissue was de­
paraffinized, rehydrated rin alcohols, post-fixed in osmi;um te­
troxride, dehydrated in alcohols, aind embedded in Epon. Semi­
thin. sectfons were stained with toluidine blue. Ultra-thin sec­
tions were stained with uranyl acetate and lead citrate. 

RESULTS 
Immunoperoxidase studies 

Both rin cases of suspected toxoplasmosis and encephalito­
zoonosis a distinct brown staining occurred when specific anti­
sera were used. At optrimal dilutrions of primary antisera, back­
ground staining was minimal both with the PAP and ABC 
method. However, the ABC method was more sensitive than the 
PAP method. The age of the paraffin blocks did not seem to 
affect the results. 

To x op las ma-like par as it es. In all cases except 
in the dog (Cas.e 3), parasites were stained when anti-Toxoplas­
ma serum was used as primary antiserum (Figs. 1, 2 and 3). 
The zori tes were stained brown, with an even more diJstinct brown 
rim at the periphery, emphasizing the shape of the parasites. 
Endozoites were alway.s strongly stained, and a staini1ng along 
the membrane of the parasitophorous vacuole usually bering ob­
served. In addition, necrotic material and structures in the 
cytoplasm of macrophages were sometimes stained. However, 
there was no reaction when normal rabbit serum or anti-Ence­
phalitozoon serum was used as primary antiserum. In the mice 
(control cases) and the hares (Cases. 6-12), only endozoites 
were observed. Autolytic changes were relatively prominent in 
some of the hares, and endozoites could hardly be distinguished 
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in normal'ly treated sections. Even in these cases they were 
easily demonstrated with the immunoperoxidase methods. In 
Case 1, only cyst stages were observed, while lin Cases 2, 4 and 
5, both endozoites and cyst stages occurred. The cystozoi,tes 
(bradyzoites.) were stained less strongly than the endozoites 
(Fig. 3). Extended incubation with primary antibody increased 
the intensity of stain:ing only moderately. Usually, there was 
some staining of the cyst wall. In the dog (Case 3), neHher 
endozoiites nor cystozoiites were stained. 

E n c e p h a l i t o z o o n -1 i k e p a r a s i t e s. In all cases 
of suspected encephalitozoonosis, parasitic organlisms res.embling 
spores were stained distinctly when antii-Encephalitozoon serum 
was used (Figs. 4, 5 and 6). Whether proliferative stages also 
were stained, could not be determined. In addition, there was a 
di1stinct reaction along the membrane of the parasiitophorous 
vacuole (Figs. 4 and 6). No reaction was observed using normal 
rabbH serum, or anti-Toxoplasma serum as primary antiiserum. 
Most spores that could be distinguished i:n the cytoplasm of 
macrophages, appeared to be stained (Fig. 5). This was in con-

Figure 1. Scattered endozoites (tachyzoites) of T. gondii, react­
ing with anti-Toxoplasma serum; mouse liver (control case). ABC 
technique; counterstained. with hematoxylin. x 400. 
Fi g u re 2. Parasitophorous vacuole corntainiing endozoites of T. 
gorndii, reacting with anti-Toxoplasma serum; live:r of a mouse (con­
trol caise). ABC technique; counterstained with hematoxylin. x 1,700. 
Figure 3. Cyst stage rnacting with anti-Toxopl·asma serum; brain 
of a cat (Case 1) . Note the lesis· in tenise staining of the cystozoi.tes com­
pared with the endozoites in Figs. 1 and 2. ABC technique; counter­
stained with hematoxylin. X 700. 
Fi g u re 4. Parasitophorous. vacuole with parasH.es reacting wMh 
anH-Encephalitozoon serum; kidney of a blue fox (Case 14). Note the 
strong reaction outlining the membrane of the parasitophorous 
vacuole. ABC technique; counilerstained with hematoxylin. x 700. 
F i g u re 5. Numerous phagocytized parasites reacting fith an:ti­
Encepha:litozoon serum; brain granuloma of a blue fox (Case 13). 
ABC technique; counterstained with hematoxylin. x 700. 
F i g u r e 6. Parasiitophorous vacuole with parasites reacting wiil:h 
anti-Encephalitozoon se1rum; kidney of a blue fox (Case 14). A few 
spores are also seen in the tubular lumen (arrow). ABC technique; 
counterstained with hematoxylin. x 1,7100. 
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the cyst wall. Another reason for the different reactions. may be 
that because the cystozoites are tightly packed and surrounded 
by a dense material, the antigens are rendered les·S· available for 
antibodies .in the immunological tests. 

The positive staining along the membrane of the parasit­
ophorous vacuoles both of T. gondii and E. cuniculi, and the cyst 
wall of T. gondii, could suggest the presence of antigenic deposits 
derived from the parasites. The cyst wall of T. gondii is thought 
to be formed by deposition of material from the parasites. on the 
membrane of the parasitophorous vacuole (Jacobs & Frenkel 
1982), and might therefore contain parasitic antigens. 

The immunoperoxidase methods appeared particularly use­
ful in demonstrating parasites in autolytic tissue containing 
only endozoites of T. gondiii. Such parasite·s are extremely dif­
ficult to detect in routine sections. In the cases of encephalHo­
zoonosis, the immunoperoxidase methods must be regarded as 
more specific than the modified Gram method. In addition, 
phagocytized and probably partly degraded spores were stalined 
to a greater extent with the immunoperoxidase methods. 

The negative result of the immunoperoxidase test on the 
parasite in the dog (Case 3), is in agreement with the ultra­
structural findings, suggesting that this parasite is identical 
with the cyst-forming sporozoon found in Boxer dog.s. by Bjerkds 
et al. (1984). Nor did this parasite react positi<vely with anti­
Toxoplasma serum (unpublished). 

All stages of the life cycle of Encephal1i:tozoon contain only 
one single nucleus, and multiplicate within a parasitophorous 
vacuole of the host cell, in contrast to the p·arasites wi,thin the 
genus Nosema (Cali 1970). However, in the present cases, the 
proliferative stages were often insufficiently preserved for fine­
struc:tural analysis. On the other hand, the occurrence of typical 
microsporidian spores must be regarded as a fairly reliiable 
criterion for diagnosis, since nearly all mammalian microspo­
ridian pathogens so far investigated, are probably identical to 
E. culllicu1i (Montrey et al. 1973, Barker 1975, Pukes et al. 1975, 
Shadduck et al. 1978, Botha et al. 1979, Mohn et al. 1981). 

Paraffin blocks that had been stored for several years were 
stHl suitable for both electron microscopic and imm.unoper­
oxidase studies. These observations mean that it is possiible 
to do ultrastructural in addition to imm.unohistochemical studies 
in most cases, even if there are few parasites present in the 
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tissue. Areas with parasites and/or lesions can be cut out from 
corresponding areas in the paraffin block, thus increasing the 
chance of detecting parasites. 

REFERENCES 
Andres, T. L., S. A. Dorman, W. C. Winn, T. D. Trainer & D. P. Perl: 

Immunohistochemical demonstration of Toxoplasma gondii. 
Amer. J. clin. Path. 11)81, 75, 431-434. 

Araujo, F. G., J. P. Dubey & J. S. Remington: Antigenic similarity be• 
tween the coccidian parasites Toxoplasma gondii and Ham­
mondia hammondi. J. Protozool. 1984, 31, 145-147. 

Barker, R. J.: Ultrastructu11al obse·rvations. on Encephali•tozoon cuni­
culi Levaditi, Nicolau et Schoen, 1•923, from mouse peritoneal 
macrophages. Folia Parasit. (Prnha) 19'75, 22, 1-9. 

Bjerkds, I., S. F. Mohn & J. Presthus: Unidentiified cystforming Sporo­
zoon causing encephalomyeliti:si ailld myositis in dogs. Z. Para­
sitenk. 1984, 70, 271-274. 

Botha, W. S., A. F. Van Dellen & C. G. Stewart: Canine encephalito­
zoonosis in South Africa. J. S. Afr. vet. med. Ass. 19:79, 50, 135--
144. 

Cali, A.: MorphogeneSlis in the genus Nosema. Proc. 4th Int. Collo­
quium Insect. Path., Maryland 1970, pp. 431---438. 

Cristie, E. & J. P. Dubey: Cross--immunity betweeen Hammondia and 
Toxoplasma infections in mice and hamsters. Infect. Immun. 
1977, 18, 412-415. 

Dubey, J. P.: Toxoplasma, Ha:rmnondia, Besnoitia, Sarcocystis and 
other tissue cysit-forming coccid!ia of man and aillimals. In: 
Kreier, J. P. (ed.). Parasitic Protozoa Vol. III. Academic Press, 
New York, San Francisco, London 1977, pp. 101-2·38. 

Dutton, G. N., J. Hay & J. Ralston: The immunocytochemical dem­
onstration of Toxop1asma within the eyes of congenitally in­
fected mice. Ann. trop. Med. ParasH. 1984, 78, 431-433. 

Guesdon, J.-L., T. Ternynck & S. Avrameas: The use of avidin .. biotin 
interaction in immunoenzymatic techniques. J. His.tochem. 
Cytochem. 1979, 27, 1131-1139. 

Hsu, S.-M., L. Raine & H. Fanger: A comparative study of the peroxid­
ase-antiperoxidase method and an avidin-biotin complex 
method for studying polypeptide hormones. with radioimmuno­
assay antibodies. Amer. J. clin. Path. 19811, 75, 734-7·38. 

Jacobs, L. & J. K. Frenkel: ToxoplasmoSiis. In: Steele, J. H. (ed.). 
Parasitic Zoonoses Vol. I. CRC Press, Boca Raton, Florida 19'82, 
pp. 167-185. 

Lunde, M. N. & L. Jacobs: Antigenic d!iffere.nces. between endozoites 
and cystozoites of Toxoplasma gondii. J. Parasit. 1983, 69, 806 
-808. 








