
Title
Attenuation of the Virulent RH Strain of
Toxoplasma Gondii by Passages in Mice Immunized
with Toxoplasma Lysate Antigens

Author(s) Yano, Ken-ichi; Nakabayashi, Toshio

Citation Biken journal : journal of Research Institute
for Microbial Diseases. 1986, 29(2), p. 31-37

Version Type VoR

URL https://doi.org/10.18910/82399

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



ATTENUATION OF THE VIRULENT RH STRAIN OF

TOXOPLASMA GoND// BY PASSAGES IN MICE TMMUNizED

WITH TOXOPLASMA LYSATE ANTIGENS

KENYiCHi YANO AND To SHIO NAKABAYASHi

Department of Protozoology, Researclt Institute for Microbial Diseases, Osaka University,
Yamadaoka. Suita, Osaka 565, Japan

(Re. "Ived February 13,1986)

uMMARY The virulent RH strain of Toxoplasma go"dri was attenuated after a
few passages or Just one long passage in mice jinmunized twice with a four-
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week interval between immunizations witlT an cmulsion of Tarop/as, lift Iysate anti-
gens and complete Freund's adjuvant. Threc avirulent strains, RH-cyst 111, IV
and \1111 were established from thc RH strain. The RH-cyst 111 strain was elfec-
tive for vaccination against challcngc with the original, virulent RH strain. The
attenuation of T. gond^^ is an expression of the innate attributes of this parasite nec-
CSary to maintain Its parasitic life cycle in nature.

INTRODUCTION

High virulence of 7'. go"ofii can be induced by
rapid passages in mice (Iacobs, 1953, Iacobs
and A, Ielton, 1954), as in the case of the RH
strain, whose virulence was established by
three passages in mice (Sabin, 1941). The
highly virulent RH strain, which is main-
tained in laboratories by Inoculation into
mice twice a week, is too virulent to be suc-
cessful in nature as a parasite and is also un-
suitable for demonstrating resistance of mice
jinmunized with killed Toxop/us"Ia (Krahen-
huhl at a1. , 1972). Cats infected with tachy-
zoites discharge fewer o0cysts and only after
a longer time than those infected with low
virulent Toxoplasma cysts (Dubey and Fren-
ke1,1976). Thus, highly virulent Toxop/'37/1"
tachyzoites can be maintained in laboratories
but not in nature. If a parasite is to be suc-
CGssful in nature, it must not increase its

pathogenicity for a given host; avirulence is
a necessary attribute (Lainson, 1955). Viru-
lent strains of T. go"of^^ must possess an in-
nate abili^, to decrease virulence to produce
cyst forms.

Attempts to decrease the virulence of T.
go?Idri have not been successful (MacFarlane
and Ruchman, 1948; Iacobs and itTelton
1954; Chang and Cabrielson, 1984). Toxo-
pins"in passaged 53 times in mice Immunized
with Toxoplasma Iysate antigens without coin-
PIete Freund's adjuvant (CFA) showed a
decreased growth rate when Inoculated into
immune mice or even normal mice (Yano et
al. , in press). About half the mice jin-
in unized with Toxoplasma Iysate antigens and
CFA twice with a 4-week interval between

immunizations were protected against chal-
Ienge with I x 103 tachyzoites of the RH
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strain of T. gondii'. Cyst forms were ob-
served in the brain of surviving mice (Yano
and Natabayashi, 1984). Mice jinmunized
with Toxoplasma Iysate antigens and CFA
showed the highest resistance to challenge
with the RH strain except those vaccinated
with avirulent strains of T. go"chi. In this
study, we tried to attenuate the virulent RH
strain of T. go"chi by its passage in mice jin-
inunized with an emulsion of Toxop/as?"a
Iysate antigens and CFA.

MATERIALS AND METHODS

Toxoplasma strains and mice

The virulent RH strain (Sabin, 1941) and the
avirulent S-273 strain (Nakayama, 1967) of T
go"chi, which have been maintained in this labora~
tory by serial passage in mice, were used. Female
albino (ddY) mice of 5-6 weeks old, purchased
from the Shizuoka Agricultural Cooperative As-
sodation for Laboratory Animals, were used for
experiments.

Comparison of the biological cllat acteristics of the
RH-cyst 111 strain and the avirluent S-273 strain

Mice were infected with 4 cysts of the RH-cyst
111 (6th passage) or the S-273 strain and the num-
bers of cysts per brain and indirect latex agglutina-
tion (ILA) titers were examined

The effect of vaccination with the RH-cyst 111
strain against the original virulent RH tachyzoites
was examined. Mice vaccinated with 4 cysts of
the RH-cyst 111 (6th passage) or the S-273 strain
4, 6 and 8 weeks previously, were challenged \\, ith
IxlO' IxlO', and IxlO' tachyzoites of the RH
strain. The survival of mice during the next 8
weeks was determined.

Preparation of To XONas"Ia Iysate antigens and jin-
inunization

inoculated intraperitoneally(ip. )Nilce

with 5 XIO' tachyzoites of the virulent RH strain
of T. go"at, '. Pentoneal exudates (PE) were col-
Iected four days later by paracentesis with 2 in I of
AISever's solution and then used as Toxoplasma
Iysate antigens (ToxoPE) after killing the tachy-
20ites present by freeze-thawing twice

Mice were jinmunized ip. with 0.4 in I of an
emulsion of ToxoPE and complete Freund's ad-
jusant (CFA) (DIFCO, USA) twi. . with " 4-we"k
interval between immunizations (Yano and Naka-
bayashi, 1984)

Attenuation of the virulent RH strain of T. go, Id^^

The immune mice were challenged ip. with I x
10' tachyzoites of T. go"ati one week after the
second immunization. Small doses of Tardy/as, "a
cysts in brain hornogenates of some sur\, Iving mice
were passaged ftirther in immune mice and normal
mice to check the virulence. All passages were
for more than 4 weeks. TITree of eight attempts
to attenuate the RH strain were successfLil and the

resultant attenuated strains were named RH-cyst
111, IV and Vlll.

were

Enumeration of cysts in mice and titration of Toxo-
PIns, ,Ia antibodies

The brain containing the olfactory lobe, CGre-
brum and cerebellum was removed from a mouse

and emulsified with AISever's solution in a total

volume of 1.5 inI in a 2.5 inI disposable syringe
by passing it three times eaclt through a 23G needle
and then a 27G needle. Cysts found in 50 A1 of
the brain hornogenate were counted under a Nor-
marski's interference microscope and tlie number
was multiplied by 30 to calculate the total number
of cysts per mouse brain.

An indirect latex agglutination (ILA) test (Toxo
test NIT, Eiken Co. , Tokyo) was used for assay of
Toxoplasma antibodies as described by 1<0bayashi
at a1. (1977). Titers were expressed as logg values
of the reciprocal of the serum dilution

RESULTS
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atte""@ti'0" of the airw/errt RH sty@z'?, of T.
go"dii

Cyst forms were observed in brain horno-
genates of some surviving mice challenged
with I XIO' tachyzoites of the RH strain: 120
cysts per brain were found in a RH-cyst 111
mouse and 60 in a RH-cyst IV mouse. In-
oculation of one RH-cyst 111 cyst (2nd pas-
sage) resulted in death of all three normal
mice tested on day 9 and of one of four jin-
inune mice (Table I). Three of four control
mice died 10 days after 2nd inoculation of
two RH-cyst IV cysts. Four cysts per mouse
from a mouse at the second passage of RH-
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TABI. E I Conditions 101. rilleiiuntt'o11 of the RH-cyst 1/1, JP, und FIJI st, 'tti'?is

Passage

RH-cyst 111

1st

2nd

Infection dose

per mouse

3rd

1000 tachvzoites

I CVSt

10 cvsts

I cvst

+ cvsts

6 cvsts

80 cysts

10 cvsts

100 cvsts

4 CVStS

+ cysts

5 cvsts

100 cvsts

4th

5th

Duration

Greets)

6th

7th

8th

RH-cyst IV

1st

2nd

3rd

4th

8

5

Imn, une mice

+

Mortality (deadltot"I)

6

5/10 (14.4)"

114 (210)

41+ (135)
013

012
n. d. "

n. d

rid

n. d

n. d

n. d

rid

rid

1000 tachvzoites

2 cvsts

+ cvStS

+ cvStS

20 cvsts

5 CVStS

100 cysts

5th

14

RH-cvst Vlll

1st

2nd

3rd

+

26

20

Control mice

" Mean survival davs of mice that died

" Not determined

' 0.4 in/ of 1.5 in I of brain hornogenate

10/10 (8. 0)

313 (90)
rid

012

012

1110 (130)

1/2 (410)

018

012

0190

013

0112

118 (130)

4th

1000 tachyzoites

0.4 in! of brain'

8 cvsts

80 cvsts

5 CVStS

100 cysts

8

10

8

25

cyst 111 cysts or the 3rd passage of RH-cyst
I\I cysts were inoculated ip. into control mice
but did ITot cause death. Cysts in a surviv-
ing mouse (RH-cyst \1111) after inoculation
of I x 10' tachyzoites were under patency
after SIX months. Two control mice that

survived against challenge with 0.4 inI of
brain hornogenate of a RH-cyst \1111 mouse

16

112 (12. co

014

013

012

012

rid

rid

26

6

10

20

212 (75)

314 (100)

313 (163)

016

112 (110)

017

118 (120)

418 (145)

n. d

n. d

n. d

n. d

rid

10/10 (81)

012

114 (120)

112 (90)

017

018

I. p. showed 60 and 240 cysts, respectively.
No appreciablc deaths of normal mice oc-
cured after IP. Inoculation of 100 cysts of the
5th passage of the RH-cyst 111 and TV strains,
or the 4th passage of the RH-cyst \1111 strain.
The RH-cyst 111, I\; and Vlll strains could
be attenuated by passage in immune mice.

Cyst productions, 923t312 cysts per brain
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TABLE 2. Comai'a'son of numbers of cysts per brat'" found I'" mice at 3rd, 4th, and 6th passage of
the RH-cyst 1/1 stynt'".

Passage

3rd

Infection
time

4th

4 \\. eek

4

Infection dose

per mouse

6th

6

4 cysts

6th

Number of cvsts

per brain

4

6

it Cysts \\, ere recognized by Inoculation.

60

180

or

150

98. .83

690

960

1350

690

923, =312

600

660

570

900

658. =259

1410

1890

1590

870

1440. .428

6

TABLE 3. Comparison of swanbn/s of mice uriccz'"ated toIth 4 cysts of the RH-cyst 1/1 snO2'it or
S-273 styai" after I'"traperz'toneol challenge of I x 103, I x 106, and I x 10' tachyzoz'Ies per mouse of
the RH styni" 008r a perl'od of 8 toeek.

4

ILA titers

6

5

4

5

5.0, = 0 .8

13

12

12

11

12.0, . 0.8

8

7

9

8

8. 0 to . 8

9

9

9

10

93.05

4

Vaccination

Control

RH-cyst 111

S-273

weel<sit

re weeks after vaccination of 4 cysts
b Number of mice surviving I number of mice challenged
C Mean survival days of mice that died
d Not determined

4

6

8

4

6

8

I Xi03

34

0110" (8.1) '

9110 (335)
n. d. at

8/10 (375)

8/10 (320)
n. d

6110 (293)

Inoculation dose per mouse
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I XiO"

0110 (58)

9110 (100)

6110 (335)

7110 (21.3)

7110 (153)

7/10 (83)

8/10 (30. 0)

I XI07

0110 (49)

516 (48 . co

315 (90)
n. d

3/6 (183)

316 (9 . co
n. d
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FIGURE I. Comparison of cyst productivities and
ILA titers in mice inoculated witlt 4 cysts of the
RH-c\, st 111 strain and the S-273 strain. NLim-

bers of cysts per mouse brain are shown by con-
tinuotis lines, and ILA titers by dotted lines. Sym-
bols: 0, RH-cystlll; ., S-273. Values are means
for four mice (SD are not included)
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at the 4th passage and 658t259 or 1440. .428
cysts at the 6th passage of the RH-cyst 111
strain were much greater than those 98 t 83
cysts at the 3rd passage (Table 2), 30 cysts at
the 2nd passage, and 120 cysts at the 1st pas-
sage

strain were even protected against challenge
with I x 10' tachyzoites, whereas 6 of 12 mice
vaccinated with the S-273 strain were PTO~

tected. The mean survival days of fatal mice
vaccinated with the RH-cyst 111 strain that
died were 35.5 days after challenge witl\ I x 103
tachyzoites, 26.0 days after challenge with
I x 10" tachyzoites, and 22.0 days after chal-
Ienge with I x 10' tachyzoites, while the re-
spective values for mice that died after vac-
cination with the S-273 strain were 302,164,
and 13.7 days. Thus vaccincation with the
RH-cyst 111 strain was more effective than that
with the S-273 strain for protection against
challenge with the virulent RH strain. \Iaria-
tion in the time for protection (4, 6 and 8
weeks previously) had no significant effect on
survival after challenge.

I\,

8 26

Coinpnri'$011 of the b!'o10gi'cal chn, 'rrcteristi'CS of
the RH-cyst 1/1 strain a"of null'141e"t S-273
snarl,

Cyst production and the ILA titer of mice
infected with 4 cysts of the RH-cyst 111
strain (6tlT passage) werc compared with those
of mice infected with 4 cysts of the avirulent
S-273 st", in of T. g, "of^^ (Fig. I). Mine in-
fected with the RH-cyst 111 strain showed
higher cyst production and lower ILA titers
than mice infocted with the S-273 strain, but
the differences were not significant (p > 0. I :
Cyst production in week 6)

The effect of vaccination with the RH-cyst
111 strain against challenge with tachyzoites
of the original virulent RH strain of T. go"of 11
was studied (Table 3).

Totals of 73% of the groups of mice vac-
cinated with the RH-cyst 111 and S-273
strain, respectively, survived challenge with
I x 10' tachyzoites of the RH strain. Eight
of U mice vaccinated with the RH-cyst 111

DISCUSSION

The virulent RH strain of T. go"of^^ was at-
tenuated after a few passages or just one long
passage in mice jinmunized twice with a
four-week Interval between immunizations
with an emulsion of ToxoPE and CFA.
Three points were Important for achievement
of attenuation : I) use of CFA for jinmuni-
zation, 2) a passage duration of more than 4
weeks, and 3) a small inoculation dose in early
passages. After attenuation, the RH-cyst 111,
IV and Vlll strains were as stable as the

avirulent S-273 strain of T. go"of^^. In mouse
embryo cell cultures, the RH-cyst 111 strain
forms large cyst-like bodies (more than 20 If
diameter) continuously for a long time, while
these cyst-like bodies arc not seen in cell
cultures infected with RH strain (Omata at
al. , in preparation).

Attenuation of the RH strain by passagc
in immune mice is a similar phenomenon to
loss of virulence of the RH strain after 16 week

or longer in most mice vaccinated with the
Beverl^, strain (Reikvan and Lorentzen-
Styr, 1976) or the 273 strain (Yano et al. , in
press).

The attenuation of rotop/as?!in can prob-
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ably be explained by growth modification
(Yano at al. , in press). This growth inodi-
tication may occur during long passages in
mice jinmunized with ToxoPE and CFA, in
which the whole Immunological framework
of the mice is highly activated against Toxo-
plus"in by infection of the RH strain, as shown
by, increase in the ILA titers.

At the 4th and 6th passage in mice, the
RH-cyst 111 strain was sufficiently attenuated,
and produced man^ more cysts than at early
passages, when it was virulent (Table 2). At
the 6th passage in mice, the RH-cyst 111
strain produced more cysts in mice than the
aviruelnt S-273 strain (Fig. I). A{ore cysts
are produced in the brains of mice Infected
with Toneplasiiio strains of lower virulence.
Thus we conclude that the RH-cyst 111
strain does not have lower virulence than the
S-273 strain. The ability of the RH strain
to form cysts was recognized in vivo as well
as in vitro (Shimada at a1. , 1974). The mean
survival times of mice that died after vac-
cmation with the RH-cyst 111 strain were
longer than those of mice that died after vac-
cmation with the S-273 strain (Table 3).

it is noteworthy that mice vaccinated with
the RH-cyst 111 strain did not show complete
resistance to challenge with the original viru-

lent RH strain. This phenomenon could
probably be explained by the presence of a
specific antigen in tachyzoites (Luride and
Iacobs, 1983). Probably, the slower growth
also dccreased the antigenic stimulation of
mice.

Mice chronicalIy infected with an avirulent
Tarop/mina such as the RH-cyst 111 strain,
have disturbed mental conditions (Piekarski,
1980) making it easier for cats to catch them

differentiatedrotop/us"Ia cysts are more

facultative forms than Toneplns, un tachy-
coitus (Dubey and Frenk"I, 1976). Honor,
cats infected with the avirulent RH-cyst 111
strain could discharge many more o0cysts
and survive as a source of infection. The
attenuation of the virulent RH strain by a

few passages in mice jinmunized with Toxo-
FF and CFA is an expression of the innate
attributes of this parasite necessry for main-
tenance of its parasitic life c}, cle in nature.
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