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Abstract

Literák I . ,  I .  Rychl ík:  Genome Changes in the Toxoplasma gondii Strains During Laboratory
Passages in Mice. Acta Vet. Brno 1999, 68: 203–208. 

Three strains of Toxoplasma gondii isolated from rabbits (K6 and K9) and a cat (K24) in
the Czech Republic in 1994-95 were maintained in a tissue cyst form in laboratory mice by
injections of brain homogenate every 4 - 6 months. These strains were passaged 12 to 13 times
before tachyzoites, from which DNA was isolated, were obtained. PCR/RFLP (restriction
fragment length polymorphism) (ROP1 gene/DdeI restriction endonuclease) and RFLP/DNA
(RFLP with chromosomal DNA) (TGR1E probe/PstI and SalI restriction endonucleases) were
used to characterize their genotypes. In the course of subsequent tissue cyst-tissue cyst
passages, the pathogenicity of the strains increased and intraperitoneal passaging of
tachyzoites from the peritoneal exudate two times weekly had to be used to facilitate the
continuous maintenance. After the pathogenicity increase, the DNA was isolated from the
tachyzoites after 6 to 48 tachyzoite-tachyzoite passages. Genotype differences were observed
in the strain before and after increasing their pathogenicity. Both PCR/RFLP and RFLP/DNA
patterns of  the strain before and after increasing their pathogenicity were similar, and even
identical, with previously described genotype characteristics of avirulent and virulent strains
of T. gondii.

Toxoplasma gondii, PCR/RFLP, RFLP/DNA, DNA fingerprinting, strains, pathogenicity,
virulence

Toxoplasma gondii is a protozoan parasite of mammals and birds with worldwide
occurrence (Dubey and Beat t ie  1988). In man and in sensitive animal species, it may be
the cause of asymptomatic as well as lethal infections. In view of different manifestations
of toxoplasmosis in the same host species, pathogenicity of individual strains of T. gondii
has been studied to explain different manifestations of the disease by different pathogenicity
of  strains. Sibley and Boothroyd (1992) stated that “virulent” relates to strains with
LD100 (100 % lethal dose) < 10 tachyzoites for outbred Swiss mice, and “non-virulent”
(avirulent) to strains with LD100 > 103 tachyzoites. 

Genotype studies of individual T. gondii strains based on restriction fragment length
polymorphism of the chromosomal DNA (RFLP/DNA) and RFLP of a specific DNA
sequence amplified by the PCR (PCR/RFLP) fitted closely with the T. gondii pathogenicity.
Those studies documented the characteristic genotypes of virulent and avirulent strains
(Cris t ina et al. 1991ab; Sibley and Boothroyd 1992; Cris t ina et al. 1995; Howe
and Sibley 1994, 1995; Li terák et al. 1998).

Most T. gondii strains have been isolated by means of passages in laboratory mice.
Laboratory mice have also been used to maintain a number of strains on a long-term basis,
and many different types of strain analyses, including genotype analysis, have been
performed after the strains have been multiplied in laboratory mice. An interesting
phenomenon has been observed in some strains for several decades: their pathogenicity
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increased after parenteral passages on laboratory mice (De Rodaniche 1954; Jacobs
and Melton 1954; Jacobs 1956; Ra‰ín 1970). Increase in pathogenicity was also
observed in the RH strain after it was isolated in 1939 (Sabin 1941), which is at present
considered as a model of virulent strains. 

Virulent strains are maintained in laboratories by repeated i.p. passages of tachyzoites in
laboratory mice, where LD100 may be 1 tachyzoite only. Tachyzoites of those strains convert
to bradyzoites in mice only if the mice had been treated sulfadiazine (Frenkel  et al. 1976;
Dardé et al. 1992). The cats fed with tissue cysts containing such bradyzoites do not excrete
oocysts if the tachyzoites of virulent strains have undergone more than 35 i.p. passages in
mice (Frenkel  et al. 1976) or the capacity of oocyst production was absent even for some
other virulent strains studied less than ten passages after their isolation in mice (Dardé et
al. 1992).

In our laboratory, strains of T. gondii are maintained in mice. In some strains, a marked
increase in pathogenicity was observed during subsequent passages and to maintain the
strains, passaging tachyzoites at 3 to 4 day intervals had to be used instead of previously
performed bradyzoite (tissue cyst) passages at 4 - 6 month intervals. In three such strains,
we tested the genotype characteristics (RFLP/DNA, PCR/RFLP) both before and after their
pathogenicity increased and we found that the same strains had clearly different genotypes
before and after their pathogenicity increased. This paper is a description of the changes
observed and their tentative explanation. 

Material and Methods
T. gondii strains (Table 1)

The strains used in the study included K6, K19, K24, K25 and Z92 strains isolated in the Czech Republic in 1994
and 1995 (Literák et al. 1998). Strains were maintained in a tissue cyst form in mice by injections of brain homogenate
every 4-6 months. The first batch of tachyzoites of these strains were obtained by a modification of the process described
by Dardé et al. (1992). Tachyzoites were obtained by inoculating T. gondii cysts i.p. into mice previously treated by
s.c. injections of hydrocortisone sodium succinate at 40 mg/kg every two days for 20 days. Hydrocortisone injections
were continued after the inoculation with brain cysts, and tachyzoites were harvested from the ascitic fluid between
8 and 10 days after inoculation. Tachyzoites were multiplied on VERO cells and concentrated by centrifugation after
the so-called forced extrusion through a 22 G needle. In subsequent passages using brain homogenate containing tissue
cysts, all the K6, K19 and K24 strains with the exception of K25 strain increased their pathogenicity. Mice infected with

Table 1
Toxoplasma gondii strains used in the study

Strain K6 K19 K24 K25 Z92

Host Rabbit Rabbit Cat Cat Wild cat

Stage in time of isolation Tissue cyst Tissue cyst Oocyst Oocyst Oocyst

Year 
of isolation 1995 1994 1995 1995 1995

No. of passages 
in micea 13 13 12 7 6

No. of passages 
in miceb 6 6 and 17 38 and 48 Not done Dozens
(not counted)

No. of passages 
in micec 8 and 14 5 45 Not done Not done

a passages of tissue cysts from the time of strain isolation to the time of obtaining tachyzoites after maintenance
of mice with hydrocortisone and the first DNA extraction

b passages of tachyzoites from the time of increasing the pathogenicity to the time of DNA extraction 
c passages of tachyzoites from the time of increasing the pathogenicity to the time of testing the pathogenicity
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an estimated standard dose of brain suspension died within a month after infection, and in order to maintain the K6,
K19, K24 a Z92 strains, i.p. passages of tachyzoites in mice 2 times weekly had to be used.

Specific pathogen-free mice of the CD1 outbred strain were used for the isolation and passages of T. gondii strains.
For each strain, tachyzoites obtained from VERO cells or ascitic fluid of mice were washed three times (950 g for

10 min) in PBS and stored at –18 °C.

DNA Extraction, PCR/RFLP and RFLP/DNA

DNA was isolated from tachyzoite suspension (200 µl PBS, 107 tachyzoites) using QIAamp Tissue Kit (Qiagen,
Hilden, Germany) according to manufacturer’s instructions. PCR/RFLP: The target DNA for PCR amplification
was the published sequence of the ROP1 locus (Ossorio et al. 1992). Amplification was performed with Taq PCR
Master Mix Kit (Qiagen) in a final volume of 40ml with the primers 5’-CGTGACATATACTGCACTGAC and
5’- CATCTGCAAACTCGATCAC (nucleotides 170-191 and 1489-1508, respectively) (Howe and Sibley
1994). Samples were amplified for 40 cycles as follows: 30 s of denaturation at 94 °C, 1 min of annealing at 64 °C
and 2 min of extension at 72 °C. The amplification products were digested with DdeI restriction endonuclease (New
England Biolabs) (Howe and Sibley 1994) and separated by electrophoresis in 1.5 % agarose gel. The results
were visualized by ethidium bromide staining. 

RFLP/DNA was performed as described previously (Li terák et al., 1998). Isolated DNA was digested with
restriction endonuclease PstI and SalI (Amersham, UK). After electrophoresis in agarose gel, restriction fragments
were vacuum blotted onto nylon membrane (Hybond N, Amersham, UK). The probe was prepared by PCR, which
amplified selected region of repetitive sequence TGR1E (Cris t ina et al., 1991). Sequences of primers were
forward: 5’-GGAGATGGTCGGGCGTATTG, reverse: 5’- CACCTGTGCCGCAAATGAAA. Probe was
labelled with 32P adATP by Random Primed Labelling kit (Amersham, UK). After hybridization, membranes were
washed, dried and exposed (Literák et al. 1998).

T. gondii pathogenicity 

Pathogenicity of  the T. gondii strains during tachyzoite-tachyzoite mouse passages was tested. CD1 mice
weighing 20 ± 2 g were injected i.p. with 1 to 104 tachyzoites of K6, K19 and K24 strains obtained from mouse
peritoneal fluid. Each dose was injected to 4 to 5 mice. Mouse mortality was monitored for 30 days p.i. On Day 30
p.i., surviving mice were tested for seroconversion and the presence of tissue cysts in the brain. Serological
examination was performed using the latex agglutination test (Sanofi Pasteur, France), with serum at dilution of 1:10.

Results

PCR/RFLP results are shown in Fig. 1. PCR digest profiles in K6, K19 and K24 strains
were different if the DNA was isolated before and after an increase in their pathogenicity.
In the K25 strain, no increase in pathogenicity was recorded, and its PCR/RFLP profile was

Table 2
Pathogenicity of T. gondii strains during tachyzoite-tachyzoite mouse passages

Infection Dose 
Strain (No.of Passage)

1 10 100 1000

K6 (8) 5a/5b 5/5 5/5 5/5
9c, 9, 9, 10, 10 9, 9, 9, 9, 9 8, 8, 8, 9, 9 ≤ 7, ≤ 7, 8, 8, 9

K6 (14) 4/4 4/4 4/4 4/4
11, 12, 12, 12 12, 12, 12, 13 11, 11, 12, 12 11, 11, 12, 12

K19 (5) 4/4 4/4 4/4 4/4
12, 12, 12, 14 9, 9, 9, 13 11, 12, 12, 12 10, 11, 11, 11

K24 (45) 3d/4 4/4 4/4 4/4
12,12,13 12,12,12,13 11,11,11,12 11,11,11,12

a number of dead mice
b number of mice infected
c number of days from infection to death
d One of the 4 mice survived until Day 30 p.i.. A serological examination of that mouse did not demonstrate any

antibodies against toxoplasmosis (LAT), i.e. the mouse was not infected. 
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identical with that of K6, K19 and K24 strains before the increase in pathogenicity. The
PCR/RFLP profile of the virulent Z92 strain was identical with the profile of K6, K19 and
K24 strains after the increase in pathogenicity.

RFLP/DNA results before and after the increase in strain pathogenicity were also
different. The DNA fingerprint of the K25 strain was similar to those of K6, K19 and K24
strains before their pathogenicity increased. The DNA fingerprint of the Z92 strain was
similar to those of K6, K19 and K24 strains after the pathogenicity increase. 

K6, K19 and K24 strains increased their pathogenicity with subsequent passages of
tissue cysts and their pathogenicity was accurately determined during their subsequent
tachyzoite-tachyzoite i.p. passages every 3 to 4 days. These strains exhibited high
pathogenicity (Table 2). Between passage 5 to 45, a single tachyzoite of those strains was
able to kill the infected CD1 mouse in 9-14 days p.i. At the time of their isolation and 13
(K6 and K19) and 12 (K24) tissue cyst - tissue cysts i.p. passages once every 4 to 6 months,
the same strains exhibited much lower pathogenicity and the mice infected with them did
not usually die.

Discussion

A comparison of genotype characteristics between two phases of the K6, K19 and K24
strains revealed unexpected differences that exactly matched the differences recorded in
earlier DNA typing of  “avirulent” and “virulent” strains of  T. gondii (Cris t ina et al.
1991ab; Howe and Sibley 1994; Cris t ina et al. 1995; Li terák et al. 1998). Howe
and Sibley (1994) used PCR/RFLP (ROP1/DdeI) to characterize the differences between
avirulent and virulent strains. Their PCR profiles of avirulent and virulent strains were
identical with PCR profiles of our strains in their avirulent and virulent phases, respectively.
Using RFLP and the TGR1E probe, significant differences between DNA fingerprints of
avirulent and virulent strains of T. gondii were observed (Cris t ina et al. 1991ab, 1995;
Li terák et al. 1998). Very similar differences between DNA fingerprints were also found
in our strains between their avirulent and virulent phases. 

Based on these findings, we hypothesize that the increase in pathogenicity of T. gondii
strains is related to mutations in their genome. Some authors have assumed mutation
changes in T. gondii strains (Frenkel  et al. 1976; Frenkel  and Ambroise-Thomas
1997) and Jacobs (1956) suggested that the mouse pathogenicity of T. gondii strains can
be manipulated in the laboratory. Frenkel  et al. (1976) concluded from their experiments
that after routine mouse passages of T. gondii tachyzoites, an important genomic change can
occur, because the oocyst-forming capacity of tissues cysts from such tachyzoites was lost
in 2 experiments. Frenkel  and Ambroise-Thomas (1997) then reviewed studies
concerning the genomic polymorphism of T. gondii and concluded that after prolonged
multiplication exclusively in the tachyzoite stage in mice, and possibly also in toxoplasmosis
patients, the gametocyte-forming ability may be lost, and that selection of some mutations
by the host animal or growth system was evident.

Genotype characterization of T. gondii strains not isolated from clinical material or later
passaged in laboratory mice are very rare. The diagnostic PCR derived from the beta-
tubuline gene not only allows the detection of  T. gondii DNA but also to differentiate
between virulent and avirulent strains (Costa  et al. 1997). This method has been used to
test 37 samples of amniotic fluid from infected human foetuses. All of the 37 T. gondii DNAs
had (TG)7 microsatellite marker indicating that these cases of congenital toxoplasmosis
were due to strains from for mice “avirulent” T. gondii lineage even if their pathogenicity in
human foetuses was evident, as numerous abnormalities were observed on ultrasound
examination. The results support our hypothesis that the virulent genotype could be a result
of mutation of the T. gondii strains passaged repeatedly and atypically in laboratory mice.



In the light of our hypothesis, it is therefore not surprising that none of 43 strains isolated
from pigs in the USA and passed no more than twice in mice (Mondragon et al. 1998)
were categorized as having an acutely virulent phenotype by the genotype PCR/RFLP
characterization.

How genome changes affect pathogenicity remains to be elucidated.

Zmûny genomu u kmenÛ Toxoplasma gondii v prÛbûhu pasáÏování
na laboratorních my‰ích

Tfii kmeny Toxoplasma gondii izolované v âeské republice v letech 1994-1995 z králíkÛ
(K6 a K9) a z koãky (K24) byly udrÏovány ve formû tkáÀov˘ch cyst u laboratorních my‰í
pasáÏováním mozkového homogenátu co  4-6 mûsícÛ. Kmeny byly pasáÏovány 12-13 krát,
neÏ z nich byly získány tachyzoity, ze kter˘ch byla izolována DNA  k charakterizaci jejich
genotypu. K této charakterizaci byla pouÏita restrikãní anal˘za specifického produktu
polymerázové fietûzové reakce (PCR/RFLP) (gen ROP1, restrikãní endonukleáza DdeI)
a restrikãní anal˘za chromozomální DNA (RFLP/DNA) (sonda TGR1E, restrikãní
endonukleázy PstI a SalI). V prÛbûhu následn˘ch pasáÏí tkáÀov˘ch cyst se virulence
(patogenita) kmenÛ K6, K9 a K24 zv˘‰ila a k tomu, aby bylo moÏné tyto kmeny dále udrÏet
v laboratofii, bylo nutné pfiistoupit k opakovanému intraperitoneálnímu pasáÏování
tachyzoitÛ v peritoneálním exsudátu v intervalu 2 krát t˘dnû. Po zv˘‰ení virulence byla
DNA opût izolována z tachyzoitÛ po 6-48 pasáÏích u jednotliv˘ch kmenÛ. Byly pozorovány
zmûny genotypu u tûchto kmenÛ pfied zv˘‰ením a po zv˘‰ení virulence. Genotypové
charakteristiky (PCR/RFLP i RFLP/DNA) byly u kmenÛ pfied zv˘‰ením i po zv˘‰ení
virulence podobné nebo dokonce identické s charakteristikami, které byly dfiíve popsány
u avirulentních a virulentních kmenÛ T. gondii.
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