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Abstract. The aut hors studhied production of comploment ixing antibodies m eelation Lo the formation
of cy=ts of Tavoplasma gondic, White mice were mforted with 10 or 20 eysts of Beverley stram.
Traces of antibodies appeared in 2 weeks, roaching highost titres after 6 8 weeks, Cyvsls in the
monse hrain appearod 3 weeks after the anfeetion ol roached the highest number in 6 -8 weeks,

Low virulent eyst formivg straing of Tovoplasine gondii vepresent o form of the
paragite which is well adapted to the host, The evstogeneous strains secm to be the
mest freqaent form in which the parasites circulate under natural conditions in popu-
lations of animal hosts, As far as the formation of natural foei of infection is concer-
ned. Caluzo and Krivkova (1968) attach special importance to avirulent toxoplasma
gtraing which in due course of evolution heeame adapted to a wide range of hosts,
The term Beverley strain has been widely accepted for eystogencous strains.

In the literature. several studies on location, distribution ard persistence of evsts
in various organs of experimental animals can be found. Lainson (1958, 1959) desceribed
evsts which survived for 5 yvears in the tissue of infeeled animals. Nakayvama and
Matsubayashi (1961) observed proliferative forms of Beverley strain in the pe-
ritoneal cavity of mice 3—4 days after infra-peritoneal inoculation. Takasu (1966)
ard Ito ard Tsunoda (1968) detected cysts 7 ard 8 to 10 davs after inoculation.
Savina ard Zasukhin (1968) found first cvsts in mouse brains afier 9 dayvs. After
one month their number started to deerease,

Performing scrological tests for human toxoplasmosis, it ean he fom « that in con.
neetion with a typical diseage there are nsually high titres of sevum antibodies. even
in cases when the strain isolated from biopsy or neeropsy matervial appears to have
low virulence for mice. So. low virulent strains are able to provoke production of high
antibody titres. Rommel ard Miller (1963) studied kineties of complement fixation
test (CFT) in mice inocenlated with a dog strain. Positive tests appearcd in 14 days
by when the symptoms of discase had disappeared. After 35 —40 days the titres dropped
to the value of 640 and then varied between 80 and 2560. Dye test titres had correspond-
ing kinetics. Werner and Pichl (1969) state that dye test titres do not indicate the
number of cysts in the host’s organism.

In the following experiments with mice we studied the quantitative aspects of ki-
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neties of eyst occurrence and preduction of complement fixing antibodies, To deter-
mine eysts we preferred the brain to other organs because they are more numerous and
easicr to deteet in this organ.

MATERIAL AND METHODS

Two oxperiments wore performed. In the first one wo used an imfoetious dose of 20 cysts, whal
in Lhe socomd one of 10 eysts, A eystogeneous strain isolated from a hore was employed. This =tvain
was griven to us by dr. Ragin. It has boon maintamed in our Inboratory for Inst 10 years by pussaging
b meee overy 2 (o 5 months, Cests for the oxperiment were obtained from hraing of mice infosted
approximatoly twa manths carlior. The sterile brain was homogetized in physiologieal saline and
eysbs woere countod m fresh unstained wert filins at magnification of 100 7, T'he coneentntion of cyvsts
m the suspension was standardizod by diluting with physiologieal saline so that the fixed infeetions
dose was cuntuwined in 0.2 ml of the liguicd. Mice for the experiment wore placed at random into plashe
cagos (36 < 25 < 25 em) with metal cover, each contuming 20 30 individuals (fomales), The animals
wore fod with standard tablot diof ad libitum. Tn the first oxporniment, the infectimg doso of 20 exsts
was noculated intraporitoneally soto each of 120 mico. In the socond experiment 174 miee werne
imocnlated. The miece showed first disense symptoms after 10—14 days, In the first exporiment 83
mieo (— 738 95) gradnally (ied; in the second one 114 (— 66 ), out of which 58 (= 33 %5) disl
14 dayvs and addiional 36 (- 21 7, ) in one month, Howevor, these data do not correspond to the
oxact mortality rate, beeause soon afier the beginning of the experimoents, a eortain numboer of mice
worn removed for oxamination. Of the surviving miee 5 individounls wore taken at a time for blesding
which was performod by punetire of mefrobulbar venous plexus. After having killed the amimals
we axamined the bran. Sera were tested by CF1 with lln.npinumn. anhigens. Sera wore inactivated
at 56 ¢ iur 30 min, and diluted in doubhing diluton series starting at a dilution of 12 1 fundiluted).
12,065,000, 1 : 20 cre. For the detils we refer (o prececding publications (1ira and Bozdech
I!lliﬂ. Hnult'-t-h mul Jiva 1969). Examinabion of the bram was done by placing the whole righit
hemisphere, i paets, hoefween two glass slides, Cyses were counted microscopieally at magmfication
ol (00 or 200

RESULTS

Results of expeviment are given in table 1. There were seven samplings — 2.4.6.8. 12
20 wmd 28 weeks alter infection. Antibodies in low titves were already present at the
fics t sampling. The highest ascertainod titre was 640 — in four of the five mice alter
8 weeks, After 28 weeks there were only 2 surviving miee cach with a titre of 80, Cysts
were deteeted alter four weeks. The hl{_{h!‘r‘l number of exsts fourd inone hemisphere
was 419 {after 4 weeks).

Results of experiment 2 are given in table 2. There were 9 samplings 1. 2.3, 4
8, 12, 20 ard 36 weeks after infection. Traces of antibedics in titres below 20 were n-cer-
tained 14 days after infeetion, The highest aseertainced CF titre was 2560 in one mouse
out of five after six weeks. After 36 weeks there remained only three mice whose titres
were 320 or less. Cyvsts were detectod after 3 weeks. The highest number of eysts in one
hemigphere was 1160 after 6 weeks.

The results ol both experiments were subjected to biometrical analysis. Geometnic
means were calenlated (rom the number of eyvsts and titres of antibadies in samplings
with positive values from all five animals, There was a considerably high range ol the
number of eysts. For instance, in the Vth gampling of cxperiment 2 the maximum
number of cysts was 1160, while the minimum was 93. We applicd here logarithmie
translormation of measured values. becanse the number of eysts is compared with
titres of antibedies: for this the geometrie mean and logarithmie transformation represent
an advavtageous method. For comparative purposes. we have expressed both expe-
riments in logarithmic transformation in the form of graphs (Figs. 1 and 2). The =ign1-
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ficance of difference between separate samplings in both experiments were evaluated *
by analysis of variance as well as by Duncan’s range test. Numerieal operations were
performed by an electronie computer according to a programme fixed by the Mathema-
tical Centre. Results of these tests are given at tables 3 and 4 in a way which is usual
in the Duncan’s test. In experiment 1, the number of eysts did not differ in samplings
VE Vand IT at 1 per cent significanee level while samplings 1 and 1V differed from one
another. Results of serological examination of samplings V. 1 and TV differed at 5 per
eent significance level. In experiment 2. the mumber of eysts avd the result of serological
examinations of sumpling \" differed at 5 per cont significance level.

Table 1. Experiment 1 number of evets of Povaplasma gowdic in e beins (oght homiaspliore)
wiel titpes of enmplement fixing antibodies, Dnfoctious dose 20 eyt s,
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Table 2. Experiment 2 — number of eysts of Toxoplasmea gondii in mouse brains (right hemi=phere)
and titrez of complement fixing antibodies, Iufectious dose 10 eysts,
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Table 3. Experiment l—infactious dose 20 eysts. Any (wo means
underscorad by the full lino are not different fron vne anothor
at the 1 per cent significanco lovel, by the dotted line al
the 5 per cent significance level,
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Fig. 1. Kineties in appearance of cysts and complement fiximg antibodios, Infectious doso 20 eysis.
Ench point reprowents the geoinetrical mean of five mico. Vertical linos indieate standard devintion,

Fig. 2. Kinolics in appearance of eysts and complement fixing antibodies, Infectious dose 10 cysts,
Each point represents tho geometrical mean of five miee. Vertical lines indicate stundard deviation.
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Table 4. Exporiment 2 — infoctions dose 10 eysts The legond see Table 3.

Saunpling number Vi i VI RY Vil 2
|
AMean number of evs=l= 21 a3 od a8 N 333 I
i' Surpling number Vi v Vi Il Vi v
[ Mean mumber of titees 184 211 212 A67 B068 1115
i
DISCUSSION

It ig known that Beverley strains of Tozoplasma gordit have often, il not always,
a certain degree of pathogenicity. Aflter inoculation the mice show symptoms of disease
and a certain percentage of animals dic. Rommel and Miiller (1963) observed in their
experiments disappearance of elinical symptoms after 14 days. Werner and Eggev
(1968) investigated differences in the mortality rate of mice infeeted with several
cystogeneous strains. After i. p. moenlation, the mortality rate varied between 959,
and (. The maximum was reached after 10 days. After oral infeetion the mortality rate
was considerably higher. On the basis of our experiments in which three quacters of
infected mice died. as well as on the basis of our experience with other eystogencous
straing, we come to the conelusion that the term “avirulent™ is not identical with the
term Ceystogencous”. The phenomenon of real nonpathogenicity of a toxoplasma strain
seems to be very exeeptional.

Another aspeet of the investigation of evstogencous straing consists in dillerenecs in
the =ize of eyvste found during a longitudinal follow-up. Beverley (1958) observed
faicly wniform growth of exsts in mouse brain up to about 10 weeks, followed by a great
variation in the average of eyvst yvolume. He assumes that in some mice mature eysts
rupture, liberate free forms and small cysts of seccond generation ave formed. Werner
and Pichl (1969) demonstrated in their imvestigations a uniform developmental phase
between the 6th ard 8th month alter infection together with a similarity ol the mean
vadues of antibody titee. Van Thiel (1966). on the basis of van der Waaij's experi-
ments, doubts the tupture of evets on account of findings that the growth curve of
eyets in the brains of white mice inoculated with the low virnlent Burk strain ig a hyper-
bolie tangent. When pericdie bursting would take place, the growth eurve would not
have been o eurved Tine, but a jagged line.

Owr observations irdicate that individnal eyvsts vary widely in size and tend to be
chumped or aggregated together, Tn our casge the diameter of eysts varied from 7.5 8.5
to 01 > 104 . Aggregates of small exsts appearcd in the Sth ard 12th weeks, Numerical
representation of this obgervation consists in the range of the number of ¢yzls in indi-
vidual samplings. as well as in the variance which is higher than the mean. For the
interpretation of sevies in which the varviance was higher than the mean, several distri-
butions were proposed. One ol them is the negative binomial distribution (Weber 1967).
The contagious distribution, the so called “*Neyman distribution™ (Neyman 1939), too,
could be taken into consideration. Itg name ig derived from the distribution of proba.-
bility in epidemies. but it meets a wider application in biology, particularly in entomo-
logy. microbiology and botany (Beall and Rescia 1953: Greig—Smith 1964).

At is suitable for the distribution in which individuals tend to be clumped or aggre-
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galed together, sampling of which gives an excess of blanks and high values com:
pared with random expectation. The term “overdistribution™ is being used here. On
the basis of our experiments. we are not yet able to determine the characterigtics of
the distribution of ¢ysts. Occurrence of individual animals with comparatively Jow .
and high number of eystg supports the hypothesis stating that in the group of five mice
individual sampling is not homogeneous and thus the growth eyele in individual infee-
tion phase is not cqual. Technically it is very diflicult to obtain information on the
number of cysts from a high number ol mice in the game infection phase. It is also
impossible to get suecessive data from the same animal. The main aspect of our ex-
periment consisted in quantitative relations between the cyst formation in the brain
and the production of antibodies. Due to technical difficulties we obtained data from
one (right) hemisphere only. As a result of the first experiment it has been found that
the number of cysts reaches statistically signilicant peak level affer 6 and 8 wecks.
the decrease starts after 12 weeks. The peak level of production of antibodies has been
reached after 8 weeks followed by the deercase. In experiment 2, with a smaller infee-
tious dose. we have come to the conclusion that both values reached the peak level
alter 6 weeks. Statistical differences hetween the samplings were not so significant heve.
In our opinion, it is necessary to extend the experiments to several eystogencous strains
of various degrees of virulence il one wants to come to more general conclusions, We
also assume that the problem of the size of evsts will require further biometrieal in-
vestigations,

We have ascertained a particular correlation between kinetics of antibody production
and dynamics ol eyst formation. The number of eysts in mouse braing may be consi-
dered as an indicator of antibody level and viceversa. However, we will not interpret
thiz correlation as a cansal once in the sense that cvsts in brain tissue stimulate the anti-
body responsc. The previleged status of the bhrain seems to he result of the absence of
lymphatic vesscls, so that there is no pathway for transmission of an antigenic stimulus
to a scal of response (Billingham and Silvers 1965). The effeetiveness of the hypothe-
tical “blood-brain” barrier for regulating the selective passage between blood and the
central nervouns system has been debated for a number of vears (Weiser et al. 1969).
Homografts are often well tolerated when grafted into the normal brain, presumably
sinee no inmune response ix forthcoming (Humphrey und White 1970). A successful
parasite can be regarded ag a successful graft that does not stimulate a rejection response
on the part of the host (Kagan 1967). It sceme likely that in the case of toxoplasmosis
the antibodics are produced in cells of extracerebral tissues and the low virulent toxo-
plasma parasite is repelled behind the blood-brain barrier where it ean multiply casily.
Morcover. the imune phenomenon like “molecular mimicry™ or “eclipsed antigens™
can here be taken into consideration,
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