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Several methods exist for detecting the presence of Toxoplasma gondii in tissue cultures. Among the more 
important of these are the method of direct counting of the parasites in the culture fluid and of estimating their num- 
ber in the tissue culture by their cytopathogenic action. 

However, the use of the plaque method, widely used in virology, for indicating the presence of T. gondii has 
shown that it is more effective than these two methods. The plaque method can be used for the study o--f hnany prob- 
lems in theoretical and practical protozoology (production of pure lines, investigation of processes of interaction be- 
tween parasite and cell, the study of certain problems in the genetics of the Protozoa, and so on). Yet this method 
has not been used for these purposes. The plaque method has been applied to the study of these parasites only for 
determining their viability and for their direct counting [4]. 

The authors have used the plaque method to study certain genetic characteristics of T__. gondii, to isolate 
clones of this organism and investigate them from the point of view of variability, to detect the possible correlation 
between signs of pathogenicity and signs which can be studied in experiments in vitro, and to examine certain 
other problems. 

To obtain plaques of T. gondii, various virologiea! methods were used, the conditions of plaque formation 
were studied in relation to the method, and some possible genetic characteristics were examined: the size of the 
plaques formed by T_. gondii; the effect of the type of the serum and agar inhibitors on the size o f  the plaques; the 
ability of T. g0ndii to propagate at a raised temperature of cultivation (42~ the pathogenicity of clones of T._=. 
gondii isolated from individual plaques toward mice, and so on. 

Monolayer cultures of chick fibroblasts were obtained by trypsiniza- 
tion of 10-day chick embryos. The nutrient medium was a 0.6% solution of 
Iactalbumin hydrolyzate with 10% bovine serum. A celt suspension was pre- 
pared to contain 1,000,000 cells/mL The cells were grown in 50-ml flasks. 
After formation of the monolayer the nutrient medium was removed, and 
0.5 ml of tenfold dilutions of T. gondii prepared in a 0.5% solution of lac- 
talbumin hydrolyzate was added to each flask with its monolayer. Peritoneal 
exudate of infected albino mice was used for inoculation. After contact for 
1 h between the parasites and cells, 5 ml of covering medium was added to 
each flask. 

Three modifications were used when preparing the covering medium 
[1, 2, 5]. In the experiments with the covering medium of Hsiung and Mel- 
nick [5], bovine or calf serum was used. The plaques were counted from 4 
to 12-14 days after inoculation, for the number of plaques increased depend- 
ing on the time of observation. In the modifications of L K. Karpovich and 
G. D. Zasukhina, one component of the covering medium was ecmolin,* 
preventing the action of inhibitors of sulfopolysaccharide type in the agar, 
as reflected by an increase in the size of the plaques in the inhibitor-sensi- 
tive variant of different viruses [6]. In contrast to the modification of Hsiung 

Plaques formed by T. gondii on the 6th 
day after inoculation of the culture. *A liver extract with bacteriostatic properties. 
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TABLE 1, Relationship between Diameter (in mm) 
of Plaques of T. gondii and Addition of Ecmolin 
to the Covering Medium 

Covering ]... Time after inoculation (in days) 
medium 4 ] 7 9 I t 

m 

1,0--1,1 Without 0,2--0,3 10,5--0,~ 
ecmolin I 

09_11 l 

TABLE 3. Pathogenicity of Clones 
of T. gondii Isolated from Individual 
Plaques for Mice 

21 
42 
67 
71 

115 
!26 
128 
136 
145 
146 

1,0 
1,0 
1,1 
1,05 
0,95 
1,0 
110 
i,15 
1,0 
0,95 

5/5* 
515 
015 
0/5 
0/5 
5/5 
0/5 
0/5 
5/5 
5/5 

500 
500, 

50 000 
5O.000 
10 000 

500 
I0 000 
I0 000 
1 000 
1000 

I0--II 
9~10 

9.-10 

11--12 
10--11 

* Numerator -- number of mice dying.;�9 de- 
nominator - number of mice inoculated, 

TABLE 2. Comparative Characteristics 
of Ability of T. gondii to Propagate 
at Different Temperatures (intensity 
of Maque formation) 

0=7 

37 ~I 10-1 

10-= 
~o-3 
10-4 

42 10--! 
I0--2 
10--3 
10--4 

Time after inocu- 
lation (m days) 

. t  

5 I 11 
t 

Zo~ll~:t [C~ 

>I00 I >I00 
20 I > 100 

ICon uon  
>100 ] >I00 
51 [ > I00 
0 ] 12 �9 

and Melnick [5], these methods could be used to determine a genetic 
characteristic of the toxoplasmas: their sensitivity to the inhibitors in 
the covering agar. 

To determine the abi!ity of the toxoplasmas to propagate at 42 ~, 
half the infected flasks lined with covering medium were kept for 24 h 
at 42 ~ and then transferred to the incubator at 37 ~ The other half of 
the infected flasks were immediately incubated at 37 ~ [3]. 

To study the pathogenicity of the clones of T= gondii for mice, 
the parasites were isolated from individual plaques situated not less than 
1-2 cm from each other, and introduced into a separate preparative test 
tube with nutrient medium (0.59 lactalbumin hydrolyzate with 10% 
bovine serum). By direct counting in a Goryaev's chamber, the number 
of parasites was then determined, after which the fluid obtained was 
injected intraperitoneally into albino mice weighing 16-18 g. 

Altogether 20 experiments were carried out with T. gondii by the method of Hsiung and Melnick, in 12 of 
which bovine serum was used and in the other 8--calf serum. Six experiments were performed by the other two 
modifications. Plaque formation by T. Gondii was observed when all three methods were used, but the method of 
Hsiung and Melnlck was rather less sensitive than the other two. 

The plaques were round in shape, with clearly defined borders, and they appeared on the 4th-Sth day after in- 
oculation, when their diameter was 0.2-0.8 mm (see the figure). With an increase in the time of incubation the 
diameter of the plaques increased to 1.0-I.I mm (Table i). 

The type of serum is known to have a significant effect on the size of the plaques formed by certain viruses. 
For instance, a population of the virus of Western equine encephalomyelitis, when calf serum was used, contained a 
higher percentage of large plaques than when bovine serum was used [7]. 

In the present experiments, however, the type of serum used had no effect on the size of the plaques formed 
by T. gondii, and in all the experiments, whether with bovine or with calf serum, the diameter of the plaques on 
the 4th-Tth day after inoculation was 0.8-0.8 ram. Addition of ecmolin, abolishing the action of inhibitors in the 
agar, to the covering medium likewise had no effect on the size of the plaques (Table 1). 

A differential sign for many viruses, distinguishing pathogenic from apathogenic variants, is their ability to 
propagate at different temperatt~es of cultivation [3]. 
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In the course of three experiments in which T_ ~ was cultivated at 42 ~ comparison of the resuIts of 
plaque formation with those ~t 37 ~ showed that the difference in titers (PFU/ml) was approximately 1.0 (Table 1). 
Evidently the population of T_: gondii was nonhomogeneous by this criterion, and some of the cells propagated less 
intensively or, possibly, did not pcopagate at all at 42 ~ 

The results of the separate experiments f0 ~tudy trig pathogenicity of clones of T. gondii isolated from the 
plaques for albino mice are given in Table 3. In five cases, the mice died from acute toxoplasmosis on the 9 th- l l th  
day after receiving injections of between 500 and 1000 parasites, while in the other five cases, receiving 10 ~lmcs 

the number of parasites, the m i c e  did not die but were still alive when observed after one month. Consequently, the 
population of T. gondii was nonhomogeneous by the criterion of pathogenicity for albino mice when injected intra- 
peritoneally. No correlation likewise was found between the criteria of pathogenicity and five of plaques formed 
by T. gondii under agar, 

Hence, the plaque method, widely used nowadays only in virology, proved to be very valuable both for diag- 
nosis of toxoplasmosis and for studying the actual causative agent T. gondiL tn particular, this method may be used 
to obtain genetically pure lines, to study the correlation between the criterion of pathogenicity with criteria that 
can be studied in experiments in vitro, making it possible to investigate different strains of T= gondii, and tO find 
apathogenic variants with respect to one sign or to all signs collectively in vitro, which are essential for containing 
diagnostic sera and vaccines and for other purposes. 
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